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DISTANCES FROM SIDE STAKES FOR CROSS-SECTIONING

Roadway of any Width. Side Slopes 1%210 1.

In the figure below: opposite 7 under "Cut or Fill" and under .3
read 11.0, the distance out from the side stake at feft. Also,
opposno 11 under “Cut or Fili* and under .1 read 16.7, the
distance out from the side Staks at right.

GRADE
CEMTER STAKE |'\,s
3 %

SIDE STAXE

soo s [e[salsls]sTalo]s
g Distance out from Side or Shoulder Stake o
L] 0.0 0.2 03 05 0eé 08 0.9 11 1.2 1.4 0
1 15 1.7 18 20 21 23 24 26 27 29 1
2 30 3.2 33 35 a8 38 38 41 4.2 44 2
3 45 47 48 5.0 51 53 5.4 58 57 59 3
4 8.0 62 83 65 88 68 8.9 74 12 74 4
5 75 7.7 78 8.0 8.1 83 84 86 87 89 5
(] 9.0 9.2 93 95 96 98 29 | 101 102 | 104 8
7 105 ] 10.7 ) 108 10 ] 118 1.3 114 | 116 11.7 | 119 7
8 120 | 122 | 123 125 | 128 | 128 129 | 131 13.2 | 134 8
9 135 13.7 | 138 | 140 | 141 143 | 144 | 148 | 147 | 149 9
10 150 | 152 153 155 | 156 | 158 | 159 | 16.1 162 | 1684 10
11 165 | 167 | 188 170 | 174 173 | 174 | 1768 | 12.7 | 179 "
12 180 | 18.2 183 | 185 | 188 | 188 189 | 191 19.2 | 194 12
13 195 | 197 198 | 200 | 201 203 | 204 | 208 | 20.7 | 209 13
14 210 | 212 | 213 [ 215 | 216 | 218 | 219 | 221 22 | 224 14
15 225 | 227 | 228 | 230 | 231 233 | 204 ] 238 ) 237 | 239 15
18 240 | 242 | 243 | 245 | 248 | 248 | 249 | 251 252 | 254 16
17 255 | 257 | 258 | 260 | 261 283 | 264 | 2686 | 267 | 289 17
18 270 1 272 | 273 | 275 | 276 | 278 | 279 | 284 282 | 204 18
19 285 | 287 | 208 | 290 | 291 203 | 294 | 298 | 29.7 | 299 19
20 300 | 302 | 303 | 305 | 3068 | 308 | 309 | 311 31.2 | 314 20
21 NS |y | e | 320 | 321 323 | 324 | 328 | 327 | 329 21
22 330 | 332 | 333 | 335 | 3368 | 338 | 339 | 341 | 342 | 344 22
23 345 | 347 | 348 | 350 | 354 353 | 354 | 356 | 357 | 359 23
24 380 | 382 | 383 | 385 | 386 | 388 | 369 | 371 372 | 74 24
25 375 | 377 | 378 | 380 | 381 383 | 384 | 388 | 39.7 | 389 25
26 39.0 | 392 | 393 | 395 | 398 | 398 | 3983 | 401 402 | 404 28
27 405 | 40.7 | 408 | 410 | 411 413 | 114 | 418 | 417 | 419 27
28 420 | 422 | 423 | 425 | 428 | 428 | 429 | 431 | 432 | 434 28
29 435 1 437 | 438 | 440 | 440 | M43 | 444 | 448 | 447 | 449 29
30 450 ] 452 | 453 | 455 | 456 | 458 | 459 | 48.1 48.2 | 484 30
31 465 | 467 | 488 | 470 | 47.1 473 | 474 ] 478 | 47.7 | 479 AN
32 480 | 482 | 483 | 485 | 486 | 488 | 439 | 491 49.2 | 494 32
33 495 | 49.7 | 498 | 500 { 501 503 | 504 | 508 | 50.7 | 509 N
34 510 | 512 | 513 | 515 | 518 | 518 | 5§19 | 521 | 522 | 524 34
35 525 | 527 | 528 | 530 | 531 533 | 534 | 536 | 537 | 539 35
38 540 | 542 | 543 | 545 | 5468 | 548 | 549 | 55.1 552 | 554 38
a7 655 | 557 | 558 | 560 | 56.1 | 563 | 564 | 568 | 56.7 | 569 a7
38 570 | 572 | 573 | 575 | 576 | 578 | 579 | 581 | 58.2 | 584 38
39 585 1 587 | 588 | 500 | 59.1 | 53.3 | 594 ] 596 | 59.7 | 599 39
40 600 | 602 | 603 | 605 | 608 | 608 | 609 | 61.1- | 61.2 | 61.4 40
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GEOLOGIC MAP OF NORTH CAROLINA

T 1985

Scale 1:500,000
1 inch equals approximalely § miles (:DU
i =
10 0 10. 20 10 20 Miles o
e g = = s 2 = E T 3 g
10 0 10 20 20 40 50 Kilometres 3
T e = ‘
—




.:"5 ¥ 7 rightsville Beach
‘v: e . v
#)
‘,j asondoro Inle!

~ M4Snboro N

- %e/a Breeze ©
b, ’J SOUTHERN WOOD PIEDMONT CO.
R yearains pescr WILMINGTON, NC :
(1~ I,(Nilmington Beach NCD 058 517 467 -~-
:lf/. ? -/'[Kﬁre Beach
A / P"
g
; '«;*Z 74
! G Corncake Inlet
2ach  Lockwsods Solly '
Irisy ‘G}
Smith
8 4 Y



’.

‘4 . .
nary surficial
terred where

iltite, mud-
fock

% to rhyalitic
ith mafic and
F mudstone
Psed andesitic
¥isic and mafic

flows and
ermediate

Bt andalusite,

Bre and axial-
fstone, meta-

P phyllonite,
qck

&iray, pheno-
ith calcite or

5
B X

§11,21,1,29) —
joc Mountain,

g5 ¢

Bn to Permian,
ierwood Creek

J
pssive
i
1o massive

pnd peridotite;
k. Only larger

-

W late Cambrian,

‘contains horn-

" 3
I Sae . 0 oL
. A -, . ) -
o |
?

- COASTAL PLAIN

QUATERNARY

Qp SURFICIAL DEPOSITS, UNDIVIDED — Sand, clay, gravel, and peat depo-
sited in marine, fluvial, eolian, and lacustrine environments. Quaternary
deposits not shown at altitudes greater than approximately 25 feet
above mean sea level {Suffolk Scarp, in part) -

TERTIARY

TP PINEHURST FORMATION -~ Sand, medium- to coarse-grained, cross-
bedding and rhythmic bands of clayey sand common, unconsolidated

TERRACE DEPOSITS AND UPLAND SEDIMENT — Gravel, clayey sand,
and sand, minor iron-oxide cemented sandstone .

WACCAMAW FORMATION — Fossiliferous sand with silt énd clay,
bluish-gray to tan, loosely consolidated. Straddles Pleistocene-
Pliocene boundary

. Toy | YORKTOWN FORMATION AND DUPLIN FORMATION, UNDIVIDED
Yorktown Formation: Fossiliferous clay with varying amounts of fine-
grained sand, bluish gray, shell material commonly concentrated in
lenses; mainly in area north of Neuse River . .
Duplin Formation: Shelly, medium- to coarse-grained sand, sandy marl,
and limestone, bluish gray; mainly in area south of Neuse River

AN BELGRADE FORMATION, UNDIVIDED

Pallocksville Member: Cyster-shell mounds in tan to orange sand
matrix, indurated locally

Haywood Landing Member: Fossiliferous clayey sand, gray to brown.
Members grade into each other laterally

RIVER BEND FORMATION — Limestone, calcarenite overlain by and
intercalated with indurated, sandy, molluscan-mold limestone

CASTLE HAYNE FORMATION

fecs:| Spring Garden Member: Molluscan-mold limestone, indurated, very
sandy. Grades downward into a calcareous sand and laterally into
Comfort Member

Tec Comfort Member and New Hanover Member, undivided

Comiort Member: Bryozoan-echinoid skeletal Timestone, locally
dolomitized, solution cavities common -_—

New Hanover Member: Phosphate-pebble conglomerate, micritic,
thin: restricted to basal part of Castie Hayne Formation in southeast-
ern counties

BEAUFORT FORMATION, UNDIVIDED
Unnamed upper member: Sand and silty clay, glauconitic, fossiliferous,
and locally calcareous
Jericho Run Member: Siliceous mudstone with sandstone lenses, thin
bedded; basa! phosphatic pebble conglomerate

CRETACEOUS

*Kp | PEEDEE FORMATION — Sand, clayey sand, and clay. greenish gray to
olive black, massive, glauconitic, locally fossiliferous and calcareous,
Patches of sandy molluscan-mold [imestone in upper part

Kb BLACK CREEK FORMATION — Clay, gray to black, lignitic; contains thin
beds and laminae of fine-grained micaceous sand and thick lenses of
cross-bedded sand. Glauconitic, fossiliferous clayey sand lenses in
upper part

" Km MIDDENDORF FORMATION — Sand, sandstone, and mudstone, gray to
pale gray with an orange cast, mottled; clay balls and iron-cemented
concretions common, beds laterally discontinous, cross-bedding
common

CAPE FEAR FORMATION — Sandstone and sandy mudstone, yellowish
gray to bluish gray. mottled red to yellowish orange, indurated, graded
and laterally continuous bedding. blocky clay. faint cross-bedding. feld-
spar and mica common
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NEW HANOVER COUNTY

WATER-RESOURCES APPRAISAL

New Hanover County is in the southeastern part of the North Carolina
Coastal Plain. The topography is flat and low with many swampy areas. The
western and northern parts of the county are drained by the Cape Fear River
and its tributaries. This river also forms the western boundary of the
county. The Cape Fear River and its major tributaries are estuarine and
salty in the county. The eastern part of the county is drained by streams
that flow to the Atlantic Ocean, which forms the eastern boundary of the
county. The average discharge of streams in the county is 1.0 (Mgal/d)/miz.
Minimum flow and 7-day, 2-year low flow data are not available for the
county. However, streams with drainage areas up to 10 square miles have
been observed to go dry. Four public water supplies in the county have 500
or more customers: Wilmington, Carolina Beach, Wrightsville Beach, and
Kings Grant. BAll of these supplies, except that of Wilmington, are from
ground water. In addition, smaller public and individual water supplies
and large industrial water supplies are obtained from ground water in the
county. The county population in 1970 was 82,996.

The county is underlain by sedimentary deposits that thicken in a
southeasterly direction. The upper sandy aquifer averages only about 50
feet in thickness. Except for a small area in northwest New Hanover County,
the upper sandy aquifer is underlain by the limestone aquifer. Where present
the limestone aquifer is about 50 feet thick in the northern part of the
county and reaches a thickness of over 150 feet in the southern part of the
county. Even where this highly-permeable aquifer is thin, well yields of a
few hundred gallons per minute are obtainable. Where it is thickest, well
yields of over 1,000 gal/min can be obtained. The limestone aquifer is
underlain by the lower sandy aquifer. The lower sandy aquifer is about
1,000 feet thick in the northwestern part of the county increasing to about
1,300 feet in thickness in the southeast. However, the fresh-water part of
the agquifer is relatively thin. The occurrence of salt water in New Hanover
County is erratic, especially in the coastal areas and off-shore strands.
The lower sandy aquifer might be able to produce a few hundred gallons per
* minute to wells at some places in these areas, but lower yields would be
more prudent in order to avoid salt-water encroachment. The same statement
Yould apply to the limestone aquifer in the coastal areas. There is an
' 1solated occurrence of salt water in the extreme northwest corner of the
County where the depth to salt water can be less than 200 feet. In this
area, the lower sandy aquifer might yield only 100 gal/min of fresh water
to wells. The maximum ground-water yield in the county is estimated at
1.0 (Mgal/d) /mi2. The ground water is usually hard and may contain excessive
iron or hydrogen sulfide.

L
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Dear Governor Scott:
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CHAIRMAN

P. GREER JOHNSON
VICE.CHAIRMAN

RAYMOND 8. TALTON
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GLENN M. TUCKER
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I am pleased to submit Ground-Water Bulletin Number 17, "Geology
and Ground-Water Resources of New Hanover County, North Carolina"
by George L. Bain, Geologist, U. S. Geological Survey.

This report contains the results of a detailed 'study of the ground-
water resources made by the U. S. Geological Survey in cooperation
with the New:Hanover County Board of Commissioners and the North

Carolina Department of Water and Air Resources.

It should prove

to be of much value toward the economic and industrial development

of the County.

Respectfully submitted,

George E. Pickett
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GEOLOGY AND GROUND-WATER RESOURGES
OF NEW HANOVER GOUNTY,

NORTH GCAROLINA

By
George L. Bain

Geologist, U.S. Geological Survey

ABSTRACT

This report describes the ground-water resources of New Hanover County
in southeastern North Carolina. The county is a part of the Atlantic Coastal
Plain Province and occupies a peninsula between the Atlantic Ocean and the
Cape Fear and Northeast Cape Fear Rivers. New Hanover County is a relatively
flat sandy plain, few points in the county being more than 50 feet above sea
level. The climate is humid; the average annual precipitation is about 50
inches.

Ground water occurs in a system of slightly inclined formations under-
lying the Coastal Plain. Although individual formations dip and thicken in
various directions, they in aggregate, thicken in wedge-like fashion toward
the coast, reaching a maximum thickness in New Hanover County of slightly
more than 1,500 feet. Most of the formations are composed of unconsolidated
sands and clays containing a few beds of limestone and calcareous sandstone.
A veneer of sand and sandy clay of probable Pleistocene age tends to conceal
the underlying sequence of rock materials of Tertiary and Cretaceous age.

The volume of water stored in the Coastal Plain formations in New Hanover
County is large; however, water in all but the shallow formations is too salty
for most uses.

Three major aquifers, or water-bearing beds, furnish water to wells, at
least two of them being available for use in most parts of the county. They
include a sandstone bed in the Peedee Formation of Late Cretaceous age, the
Castle Hayne Limestone of Eacene age, and the shallow surface sands.



GEOLOGY AND GROUND-WATER OF NEW HANOVER COUNTY

The sandstone aquifer in the Peedee Formation averages about 35 feet in
thickness, slopirg from sea level in the northwestern part of the county to
about 190 teet below sea level at Wrightsville Beach. Where data are avail-
able, the aquifer is known to contain fresh water and is separated from under-
lying beds containing salty water by 100 to 150 feet of relatively impermeable
clay. Except along the Cape Fear River and the Atlantic coast, ground water
in the Peedee sandstone is under sufficient pressure to rise above sea level,
and it rises to more than 3Q feet above sea level in the center of the county.
Some wells tapping this aquifer yield more than 400 gallons per minute, and

the specific capacity in part of the county is more than 30 gallons per minute
per foot of drawdown.

The Castle Havne Limestone is irregular in thickness and areal distri-
bution, being thicker and more extensive under the northeastern and southern
parts of the county. It lies within about 30 feet of the land surface except
along the coastal margin where it is somewhat deeper. The Castle Havne has
easy access for replenishment, and much water enters the limestone in the
center of the county. Some wells ‘tapping this aquifer yield more than 400
gallons per minute, and the specific capacity ranges from 3 to 80 gallons
per minute per foot of drawdown.

Sand, clay, and marl of Pleistocene and Miocene age cover the land sur-
face in all of the county. The sands comprise the uppermost aquifer in the
county--that is, the water-table aquifer, except in a few places where the
Castle Hayne Limestone and Peedee Formation are near the land surface. The
water table commonly lies within 10 feet of the land surface and is easily
reached by the common type of drive-point well.

Water of acceptable chemical quality for most purposes is available
throughout the county, but a wide range in quality.of water within the aqui-
fers is common. Water in the Peedee sandstone is hard in most places, and
the iron content exceeds 1 milligram per liter in the central and north-
central parts. Water in the Castle Hayne Limestone is a calcium bicarbonate
type ranging from moderately hard to very hard. The iron content ranges from

0.01 to more than 12 milligrams per liter. Water in the surficial sands is
soft but almost everywhere is corrosive.

The current withdrawal of ground water is only a small part of the avail-
able supply, but the availability of water varies considerably from one part
of the county to another. The aquifers are susceptible to salt-water en-
croachment because of aquifers containing salty water underlying the Peedee
sandstone aquifer and because of the bordering Atlantic Ocean and brackish
Cape Fear River. The present position of the interface between salty and
fresh water in the ground is maintained by the volume and hydrostatic head
of the fresh water. Thus, a substantfal reduction in rainfall or changes in
ground-water conditions created by man's activities, such as withdrawal of
water through pumping, swamp drainage, or dredging which reduces the fresh-
water hydrostatic head, may cause a corresponding encroachment of salt water.
Salt-water encroachment may be controlled at least partially by well-field
design and management. Proper practices include pumping more wells at lower

rates and the use of multiple well points and infiltration galleries in
shallow aquifers.



INTRODUCTION

I This report describes the ground-water resources of New Hanover County.
The purpose of this study was to determine the thickness, lithology, and areal
extent of the water-bearing formations (aquifers), the source of replinish-
ment or recharge to the aquifers, tl'e direction of water movement within the
l aquifers, and the quantity and chemical quality of the ground water.
Fieldwork, done for this report during the period from January 1963 to
June 1966, included the following:

1. Fifty auger holes were drilled to determine the lithology,
thickness, age, and areal extent of the geologic formationms.
Where feasible, the auger holes were cased to permit water
sampling, gamma-rav logging, observation of water-level
fluctuations, and pumping tests.

2, Twop deep test holes were drilled to det=rmine the depth to
the deeper lying Black Creek Formation, the chemical quality
of water in the deeper aquifers, and thec position of the
fresh water-salt water Interface.

3. Data on 412 wells including drillers' records, well cuttings,
P and water samples were collected from well drillers and
¢ ) owners, as well as from published sources.

4, Gamma-ray well logs were made in cased auger holes, deep
test holes, and some existing wells. Electric logs of the
deep test holes also were made. ’ 5

5. Water-leVel data were collected at 5 wells ‘equipped with
continuous recorders. at 20 wells which were measured
monthly, and at more than 100 wells which were measured
semiannually.

6. More than 250 water samples were collected and analyzed
to determine the quality of the ground water.

7. Thirty-seven pumping tests were made, and data from a few
drillers pumping tests were collected to determine hy-
draulic characteristics of the aquifers.

8. The base-flow discharge of four small streams was measured
to evaluate ground-water discharge.

9. A network of more, than 150 altitude control poiats (accurate
to + 5 feet), necessary for geologiz cad hydrologic control,
was established by barometric leveling.
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GEOLOGY AND GROUND-WATER OF NEW HANOVER COUNTY

PREVIOUS INVESTIGATIONS

No previous detailed geologic or ground-water investigations have been
made in New Hanover County. David G. Thompson, U. S. Geological Survey, made
a preliminary study of the ground-water resources of Wilmington (1941). A
drought during the fall of 1940 had so reduced the fresh-water flow in the
Cape Fear River that salt water contaminated the public water supply through
the Toomers Creek intake. Thompson recommended that the surficial sand de-
posits of several areas on the outskirts of Wilmington be used as sources of
emergency public supplies while the water intake was being extended to Lock 1
on the Cape Fear River. The sand hills area along U. S. 421 northwest of
Wilmington was among those areas recommended.

The formations penetrated and the chloride concentrations of several
wells in New Hanover County and vicinity were described by Clark and others
(1912). Data collected by Thompsonh in 1941, M. J. Mundorff between 1941 and
1948, and H. E. LeGrand between 1952 and 1958 were combined in a reconnais-
sance report entitled, "Geology and Ground-Water Resources of Wilmington-New
Bern Area, North Carolina" (LeGrand, 1960). LeGrand briefly describes the
physiography and geology of the county, points out the potential of the
Castle Hayne Limestone as an aquifer, and gives additional hydrologic data
on the sand hills area northwest of Wilmington.
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Resources Division, U. S. Geological Survey, Raleigh, North Carolina.

The study was initiated in January of 1963 by the U. S. Geological Survey
in cooperation with the New Hanover Board of County Commissioners and the
North .Carolina Department of Water and Air Resources (formerly the North
Carolina Department of Water Resources). The investigation was conducted
under the general supervision of 0. Milton Hackett, Chief, Ground Water
Branch, U. S. Geological Survey. Immediate supervision was by P. M. Brown
and G. G. Wyrick, former District Geologists, Raleigh, North Carolina.
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GEOGRAPHY

LOCATION, AREA, AND POPULATION

New Hanover County is in the southeastern part of the Coastal Plain of
North Carolina and occupies a peninsula between the Atlantic Ocean and the

Northeast Cape Fear and Cape Fear Rivers. Figure 1 shows the location of
the county.

The county has an area of 194 square miles. The Bureau of the Census
reported the population in 1960 to be 71,742--about 370 people per square
mile. Wilmington, the county seat, had a population of 44,013. Smaller
towns in the county are Carolina Beach, Castle Hayne, Kure Beach, and
Wrightsville Beach. Forests and farmland comprise 58 and 14 percent of the

total land area, respectively. Sixty-nine percent of the residences are
classed as urban.
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Figure l.--Index map of North Carolina showing the location
of New Hanover County.

CLIMATE

New Hanover County has a mild, humid climate. The U. S. Weather Bureau
statistics for the Wilmington station show an average annual temperature of
63.8°F and an average annual precipitation of 51.29 inches for the 30-year
period 1931-60. The average monthly variations in temperature and precip-
itation at this station are shown in figure 2. It may be observed that pre-
cipitation during July, August, and September tends to be considerably higher
than in the other months. At Southport, near the southern tip of the county,
the average annual temperature and precipitation for the same period of re-
cord are 64.3°F and 49.49 inches, respectively.
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GEOGRAPHY

PHYSICAL FEATURES

The land surface of New Hanover County is a plain with a slight overall
slope toward the Atlantic coast and the Cape Fear River. This plain is rela-
tively flat in the broad interstream areas but is broken by low escarpments
along the Northeast Cape Fear and Cape Fear Rivers and breached by short
tributary creeks. The plaiﬂ represents the part of a Pleistocene sea floor
that has been exposed by withdrawal of the sea in the relatively recent geo-
logic past. Parts of the land surface are covered with rolling sand hills.
These sand hills constitute accumulations of beach sand which were shifted
bv the wind to form dunes. Salt marshes, tidal flats, and shallow sounds
between the present-day barrier beaches and the mainland are connected to
the ocean by narrow inlets.

Several topographic features are important to the ground-water hvdrology
in the county. The fossil dunes or sand hills extend northeastward from Fort
Fisher along U. S. Highwavy 421 through Wilmington to and beyond the Pender-
New Hanover County line. Theyv are best developed in an area between the Cape
Fear River and the Northeast Cape Fear River, northwest of Wilmington, south-
east of Greenfield Lake, and south of Barnard Creek. The highest altitude in
the county of 80 feet above sea level occurs on one such fossil dune system
east-southeast of Greenfield Lake. Most of these thick sand deposits have no
surficial drainage. Another sandy area extends northeast along U. S. Highway
17 parallel to the coast in the northeastern part of the county. This sandy
area was a long bar at a time when the sea stood some 35 or 40 feet higher
than it does today. To the west of this bar was a broad shallow lagoon, which
is now drained by the northeast Cape Fear River. Today the area is flat and
marshy. Small shallow sinks are common in the vicinity of the town of Castle
Hayne and from Wilmington southward. The sinks, usually filled with water,
result from the solution of near-surface limestone an8d coquina beds.

The altitude of much of the county is from 30 to 40 feet above mean sea
level. The Talbot Terrace described by Cooke (1931) occurs at this level.
Cooke also described a terrace at 25 feet above mean sea level which may be

distinctive from the village of Porters Neck southward and slightly west of
the sounds.
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GEOLOGY

OUTLINE OF GEOLOGY

The present~day quality, occurrence, and availability of ground water in
New Hanover County depend upon the phvsical and chemical character of the
sediments beneath the county. Such characteristics as: kind of sediment,
lithology, thickness, and attitude have been predetermined by the county's
geologic history. When any area is inundated through a general rise in sea
level or localized subsidence of the earth's crust, accumulation of marine
sediment begins and erosion ceases. The kind and character of the sediment
being deposited at anyv one place, whether limestone, sandstone, clay, shale,
or sand, whether coarse or fine, or whether cemented or unconsolidated depends
on many complex variables. Some variables include the kind of source material

and degree of weathering, distance of sediment transport, and rate of accu-
mulation of the shells of marine organisms. -

Crustal movements along the axis of the geologic structure known as the
Cape Fear Arch had a profound effect upon the type, thickness, and inclination
(dip) of the sedimentary formations beneath New Hanover County and thus, ulti-
mately have influenced the ground water. The Cape Fear Arch is now a broad
gentle uplift roughly paralleling the Cape Fear River and trending southeast-
ward through New Hanover County. Crustal movements along this axis are re-
sponsihle for the lack of deposition of Lower Cretaceous sediments in part of
the county, the deposition of a thick sequence of Upper Cretaceous sediments,
and thin to nondeposition of the more recent Tertiary formations.

Sediment accumulation on the crystalline basement floor ranges in thick-
ness from about 1,100 feet at Wilmington to 1,500 feet at Fort Fisher. Nearly
90 percent of the sediments accumulated during Cretaceous time when the county
was on the flank of a depositional basin. These'aeposits, ranging in age from
Cretaceous through Tertiary, are divided from oldest to youngest into the Black
Creek, Peedee, Castle Hayne, and undifferentiated deposits of Oligocene(?) and
Miocene age. They are overlain at the surface by sands, clays, and marls de-
posited during the comparatively recent geologic past.

BASEMENT ROCK

The submerged erosional surface upon which the Upper Cretaceous sediments
were deposited consists of schist, gneiss, granite, and metamorphosed volcanic
rocks typical of rocks which are exposed in the Piedmont Province of North Car-
olina. Granite occurs at a depth of 1,109 feet in well 202, which was drilled
as a municipal water well for Wilmington in 1899. A well drilled during 1905-
07 at Fort Caswell, across the Cape Fear River from the southern tip of the
county, penetrated basement rock at 1,540 feet (Clark and others, 1912, p. 194-

196). The ages of the basement rocks are unknown but may range from Precam-
brian(?) to Mississippian(?).
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GEOLOGY

CRETACEOUS SYSTEM

BLACK CREEK FORMATION

The Black Creek Formation of Late Cretaceous age rests unconformably
upon the basement rocks at Wilmington. Lower Cretaceous sediments and the
Tuscaloosa Formation, prominent in other parts of the Coastal Plain, are not
known to be present beneath New Hanover County (Brown, 1959a).

The Black Creek Formation is approximatelv 380 feet thick in New Hanover
County. The upper and lower contacts were placed at 711 and 1,100 feet below
sea level, respectively, in the Hilton Park well (well 202, see fig. 3), bv
T. W. Stanton (Clark and others, 1912). The top of the Black Creek was pene-
trated at 673 feet below mean sea level in the Murraysville test well (well
87) but was not reached in the Edwards test hole (well 347), which was drilled
to a depth of 610 feet below sea level.

The Black Creek Formation is assumed to contain saline water everywhere
beneath New Hanover County. Highly saline water was found in the Hilton Park
well in all zones below 370 feet and in a well at Fort Caswell, Brunswick
County, below 354 feet (Clark and others, 1912).

PEEDEE _FORMATION

The Peedee Formation conformably overlies the Black Creek Formation in
New Hanover County. It typically consists of unconsolidated greenish-gray to
dark-gray silt, olive-green to gray sand, and massive ' black clay interbedded
with consolidated calcareous sandstone and impure limbstone. Glauconite gives
the Peedee Formation its characteristic salt and pepper appearance. There
appears to be an increase in sand and lime and a decrease in clay toward the
top of the formation in New Hanover County.

The Peedee Formation in New Hanover County is 710 feet thick at well 202
and 645 feet thick at well 87, and contains four water-bearing bteds of sand.
The uppermost sand contains fresh water and the lower three contain brackish
to saline water throughout the county. The general relationship of the Peedee
Formation to the other formations in the county is illustrated in figures 4, 5,
and 6. Figure 6 is a structure contour map of the top of the uppermost salt-
water bearing sand. The top of the sand strikes N. 25° E. and dips toward the
southeast at the rate of 10 feet per mile.

Figure 7 is a structure contour map of the top of a calcareous sandstone,
the topmost sandstone in the Peedee Formation and the principal fresh-water
aquifer in New Hanover County. It is discussed in a later section as the
sandstone aquifer.
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GEOLOGY

All water below the altitudes shown on figure 6 is saline. All water
jn and above the sandstone shown in figure 7 is known to be fresh except that
south of Myrtle Grove, where there are no data. Fresh water of unknown but

probably limited extent and quantity was detected in well 87 in fine uncon-
solidated sand below the sandstone aquifer.

Figure 8 is an isopach map showing the distribution and thickness of the
massive clay aquiclude lying between the calcareous sandstone and the top of
the Peedee Formation. In effect, this figure shows the thickness of the im-

permeable beds lying between the sandstone aquifer and the Castle Hayne Lime-
stone, the next higher aquifer.

TERTIARY SYSTEM

CASTLE HAYNE LIMESTONE

The Castle Hayne Limestone of middle and late Eocene age (LeGrand and
Brown, 1955) was first described by Miller (Clark and others, 1912) at a quarry
near the intersection of Prince George Creek and U. S. Highway 421 at the
town of Castle Hayne. Rocks of Paleocene age were not deposited in the county
because of erosion or nondeposition upon the elevated Cape Fear Arch. Thus,

the Castle Hayne Limestone unconformably overlies the channeled and eroded
upper surface of the Peedee Formation.

The Castle Hayne Limestone is quite variablé lithologically, consisting
of shell, marl, sand, and limestone.

A complete geologic section in New
Hanover County includes:

A.

A basal sandy shell conglomerate containing much reworked
material from the Peedee Formation. It is.discontinuous

in occurrence because it was deposited in ‘channels on the
top of the Peedee Formation. It is approximately 30 feet

thick in the Superior Stone quarry near the town of Castle
Hayne. :

Above the basal shell-conglomerate is a glauconitic shell
limestone. It is light-gray toward the top and yellow and
dolomitic toward the bottom. 1In places it contains inter-
bedded sand. Where the lower unit iIs missing the shell
limestone facies rests unconformably upon the Peedee For-
mation. The glauconitic shell limestone thickens from a
featheredge along its up-dip extremities to about 40 feet

at the town of Wrightsville Beach and to more than 80 feet
at the town of Carolina Beach.

The shell facies is overlain by a dense, chalk-white siliceous
limestone that contains phosphate at its base, This lime=
stone, called "cap rock," by local well drillers averages
about 3 feet in thickness throughout the county.

- 13 -
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D. Overlying the "cap rock" is a cream to light-green,
glauconitic, brvozoan-bearing 'shell hash" (a coarse,
braided mixture of shell fragments). This unit is
generally confined to the northeastern section of ‘
the county north of a line connecting the city of ‘
Wilmington and Wrightsville Beach. South of this |
line the unit, if deposited, has apparently been
removed by erosion. At the Ideal Cement Company
quarry in the northern part of the county, where
this unit is approximately 10 feet thick, it is
mined for the manufacturing of cement. At Porters
Neck crossroad it ranges from 55 to 80 feet thick.

;
|
|
|
|

The irregular distribution and thickness of the Castle Hayne Limestone |
(figs. 9 and 10) results from its deposition on an eroded surface of the Pee- |
dee Formation and from subsequent erosion and solution of the upper surface of|
the'Castle Hayvne. Areas in which the Castle Hayne Limestone 1s missing or ]
spotty are also shown in figure 9.

The sandy, shell part of the Castle Hayne Limestone is generally a pro- |
ductive aquifer. Yields of individual wells in the county depend largely uponl

the degree to which the porosity and permeability have been increased by
solution,

UNDIFFERENTIATED DEPOSITS OF LATE TERTIARY AGE

|

Overlying the Castle Hayne Limestone in the southern part of the county
are sediments that probably range in age from late Oligocene through late
Miocene. Most of the sediments in this late Tertiary sequence are phos-
phatic sands, silts and clays, and phosphatic limestones similar to materials |
in the Pungo River Formation described by Kimrey (1964) in Beaufort County,
North Carolina. The upper part of the Pungo River Foimation is equivalent in
age to the Calvert-Formation of Maryland (Brown, 1958b, p. 89) (Gibson, 1967, {
p. 636), which the U. S. Geological Survey currently recognizes as middle
Miocene. The possibility that the lower part of the Pungo River is of early ‘
Miocene or late Oligocene has not been discounted (Brown, 1958b, p. 90) ‘
(Gibson, 1967, p. 637). According to Gibson (written communication, '
July 1, 1968), the sediments in southern New Hanover County ''are in part
facies, equivalents of the phosphatic sands, limes, and diatomites of the ;
Pungo River, but whether they belong lithologically and genetically is another |
question.'" Thus, the name Pungo River-should not be applied to the deposits |
irr New Hanover County although they are probably facies equivalents. E

|
In the Carolina Beach area the above deposits consist chiefly of marl !

interbedded with light-green to dark-gray silty clay containing thin shell |
beds. The silty phase is replaced to the northwest by light-gray sand and 1
sandy coquina overlain by olive-green sand. The sandy coquina, present in |
wells 368 and 381, is possibly of late Miocene age. Phosphate is present i
but is not known to be in sufficient quantities to warrant economic 2

!

|
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development. The lower silty part of the unit thickens southward from about

10 feet at Wrightsville Beach to 75 feet at well 394 at Carolina Beach and
dips to the south-southeast and southeast at 10 to 25 feet per mile. It is
overlain in the southeastern part of the county by 20 to 30 feet of fine- to
medium-grained sand containing dark-gray to chocolate-brown clay beds that
change southward to light-gray to olive-green clav and shell beds. This late
Miocene unit is as much as 10 feet above sea level. 1In the north-central and
northeastern sections of the county--10 to 20 feet of fine- to medium-grained

sand containing a dark-gray to blue-gray clay is overlain by 5 to 20 feet of
blue or gray dense clav of late Miocene age.

The late Miocene clay occurs in
a zone as much as 25 feet above sea level.

The silty part of the unit functions as a hydraulic barrier (aquiclude)

between the overlying water-table aquifer and the underlying Castle Havne
aquifer near the seacoast.

Small to moderate water supplies are available from the sandy coquina,

but only small supplies are available from the shallow sands and from the
thin shell beds of this formation.

QUATERNARY SYSTEM

UNDIFFERENTIATED SURFACE DEPOSITS

Overlying the channeled surfaces of the formations previously described
are deposits of clay, sand, and marl. Their age, thickness, and origin vary
from one place to another. As used in this report the deposits include all
of the sediments between land surface and the undifferentiated deposits of
late Tertiary age. Thus, they include terraced and barrier-beach deposits,
sandy coquinas (DuBar and Johnson, 1964); fossil sand dunes, stream channel
deposits, and possibly thin and scattered remnints of the underlying forma-
tion. These sediments are absent in the towns,of Castle Hayne and Wilmington,

where the underlying limestone is exposed, but are as much as 70 feet deep
near the Cape Fear River west of Myrtle Grove.

Eastward from a line connecting Fort Fisher, Myrtle Grove, and Wrightsville
Beach, the base of these surficial sediments rests upon silt, clay, and shell
beds of the underlying deposits of late Tertiary age. In the northwest one-
third of the county they rest upon the Peedee Formation where the Castle Hayne

Limestone is missing as shown in figure 10. Between the above areas they rest
upon the Castle Hayne Limestone.

The surficial sediments may be divided into the following oversimplified
or generalized categories:

1. 1In the central and western parts of the county, 0 to 35

feet of coarse, clean, nonfossiliferous quartz sand gen-

erally from 0 to 30 feet below sea level. Reference to

figures 10 and 11 shows that the coarse sand occurs where
the Castle Hayne is missing, or more specifically, in
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GEULUGY AND GROUND-WATER OF NEW HANOVER COUNTY

channels cut into the surfaces of the Peedee and Castle
Hayne Formations. Although there is no direct evidence,
the sand is probably of Pleistocene age.

2. Throughout the county O to 60 feet of fine- to medium-
grained Pleistocene sand tend to cover underlying clays
and sands. The sandy veneer includes the commonplace
surface sand and the fossil dunes and beach bars. Where
swampy the sand is dark brown or black with humic material,
and where well drained it is tan to gray white. Sandy
coquina and marl beds occur at shallow depths in the sand
along the present-day coast and mark the sites of Pleis-
tocene beaches and inlets. As much as 20 feet of red clay
and sandv clay overlie the Castle Havne.lLimestone alcng
Middle and Topsail Sounds. At a few isolated spots the

surface material is a weathered product of the Castle Hayne
Limestone or Peedee Formation.

The occurrence and distribution of the above sands and clays affect the
water yield potential of various parts of the county. Moderate to large yields
are available from these deposits northwest of Wilmington and south and south-
east of Greenfield Lake where coarse sand is overlain by thick and extensive
fossil dune deposits. Although the water in such deposits is acidic, iron
and hydrogen sulfide are negligible. Small yields are available for domestic

and small irrigation supplies from the finer grained and shallower surface
sands throughout the county.




HYDROLOGY

GENERAL STATEMENT

The earth's vast but fixed supply of water is kept in endless circulation
by energy supplied from the sun. Water evaporates from the oceans, lakes,
streams, and land surfaces and is carried in the atmosphere as water vapor
until it condenses and falls as precipitation. Part of the precipitation -

_ flows overland as surface runoff, a part is returned directly to the atmo-
sphere by evaporation, a part is transpired by plants, and the remaining

part enters the ground from which it eventuallv discharges to streams or to
the coast.

Ground water occurs in the spaces between the rock particles in the zone
of saturation. Where the spaces are interconnected and large enough to permit
flcw through them the rocks will yield water to wells. Rock units that yield

the . wa-ar tc wells are called aquifers. In New Hanover Countyv two types of spaces
l‘-’ieldc ¢ th-- transmit and store water are: (l)_ the openings between the sand grains;
~5uth-' 1 an. (2) the larger interconnected openings, created by solution of some of the
ive : cz careous cement and shell material from the limestone and shell beds. In-
1 te: bedded clay sediments contain numerous pore spaces, but the pores are ex-
‘a -rvmely small and the yield to wells is so small that they are not considered

¢ be aquifers.

Ground water not evaporated to the atmosphere or transpired by vegetation
aventually discharged to the streams or to the ocean. The discharge of
5, -nd water is facilitated where streams have incised their channels into,
¢ =elow, the water table. The discharge of water as springs or seeps in such
osgraphically low places creates a significant difference in hydrostatic
3 between the water level in the interstream and sgfream areas. New Hanover
aty is essentially a peninsula; thus the Northeast, Cape Fear and the Cape
.t Rivers serve as diffuse discharge lines along the west boundary and the
:st.serves the same purpose along the east boundary. The upward movement
‘ :otgh the confining beds occurs over large areas, and through the geologic

L5

.es 1t has been sufficient to cause partial flushing of the original connate
-a water from the aquifers.

The uppermost water-bearing unit includes the surface
¢t of the county to depths of 50 feet or more in places.
.« gsurface material is saturated with water; in the upper
~ving downward in response to gravity.

.1e is called the water table.

sand that covers
The lower part of
part the water is
The upper surface of the saturated

(LI L BB

All of the sediments below the water table are saturated, not only in the
surface sand, but also in the underlying limestone, clay, and sand. Where
beds of clay and silt (aquicludes) are impermeable enough to retard the move-
ment of water, the water in the underlying beds of limestone and sand is con-
fined under hydraulic pressure and is called artesian water. The height to

which artesian water will rise in wells forms an imaginary surface called the
plezometric surface.
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Artesian water moves to discharge areas in many places along the major
streams and the coast. The rate of water movement from areas of recharge to
areas of discharge ranges from a few feet to as much as a few hundred feet

per year.

The aquifers in New Hanover County are recharged by local rainfall.
Areas of significant recharge are identified on the maps showing the piezo-
metric surfaces as the areas having higher water levels, and on the water
quality maps as the areas of lower chloride and of higher iron and hardness
values. These are in the interstream areas where the topography is rela-
tively high. Conditions for recharge are excellent in New Hanover County
because most of the areas are underlain by sand. .

AQUIFER CHARACTERISTICS

The quantity of water that an aquifer can hold in storage is governed by
its porosity. Porosity is the ratio of volume of pore space or interstices
to the total volume of the rock material and is usually expressed as a per-
centage. Clean, well-sorted sand may have an initial porosity as high as 40
percent, but during its transformation into a sandstone the porosity may be
reduced by compaction and cementation to less than 10 percent. Clay may have
a porosity of 50 percent, but because of the minute size of its pores, a large
percentage of the water stored in clay is retained by molecular attraction.
Consequently, clays and clayey sediments act as aquicludes and tend to retard
water movement.

The permeability of an aquifer is a measure of its ability to transmit
water in response to gravity or to differences in hydrostatic pressure. It
is governed by the size and shape of pore spaces and the degree to which these
spaces are interconnected. A rock unit that is nonporous is also impermeable.
However, water may be yielded freely from rocks of low porosity if the pores
are interconnected and are large enough to fyeely transmit water. In New
Hanover County, the removal of cementing material from the calcareous sand-
stones and limestones by solution has increased the effective porosity and
permeability of these rocks, thus increasing their water-bearing potential.:

The water level in an unpumped well is referred to as the "static" water
level. Withdrawal of water from a well creates a difference in head between
the water in the well and that in the surrounding aquifer with the result that
water flows toward the well. The surface of the water around the well assumes
the shape of an inverted cone (cone of depression) whose apex is at the well.
(See fig. 12.) The vertical distance between the static water level and the
pumping level is called the drawdown. The area in which water levels are
lowered by the pumping of a well is termed the area of influence.

The coefficient of transmissibility is the quantity of water, in gallons
per day, that will move through a vertical section of an aquifer l-foot wide
and extending to its full saturated thickness under a hydraulic gradient of
1 foot per foot at the prevailing water temperature. The coefficient of stor-
age is a measure of the volume of water that .an aquifer releases from or takes
into storage .under a unit surface area by a unit change in head.
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Figure 12.--Diagrammatic sections showing the effect of pumping on
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The shape, size, and rate of growth of the cone of depression (and thus
the yield of the well) are controlled by the transmissibility and storage
coefficients of the aquifer and the rate and duration of pumping.

The specific capacity of a well is the quantity of water in gallons per
minute (gpm) that a well yields for each foot of drawdown in water level after
a given period of continuous pumping. The theoretical specific capacity can
be calculated from the transmissibility and storage coefficients of the aqui-
fer. The actual specific capacity is found by dividing the vield in gallons
per minute by the number of feet of drawdown. Comparison of the theoretical
and actual specific capacities is useful in determining the efficiency of a
well.

AQUIFERS CONTAINING FRESH WATER

The deposits underlying New Hanover County may be grouped according to
their ability to transmit water. The productive zones are termed aquifers,
and the relatively nonproductive zones are termed aquicludes. One objective
of the study was to identify and map the productive zones.

The chief fresh-water-bearing zones or aquifers in New Hanover County
are: an indurated calcareous sand in the upper part of the Peedee Formation,
‘a sandy limestone in the Castle Hayne Limestone, and beds of sand and some
coquina in deposits younger than the Castle Hayne at the land surface.

Peedee Formation

The lowermost productive zone is a bed of sand in the upper part of the
Peedee Formation (see fig. 7). This zone is about 35 feet thick in most of
the county except where it has been partly or entirely removed by erosion;
it dips to the southeast at about 14 feet per mile. It consists of quartz
sand which is usually indurated with calcareous cement and is underlain by
an aquiclude about 150 feet thick consisting Bf very fine sand and clay.
Water in this zone is under artesian pressure’ throughout most of the county.
The permeability of this sand has been increased by solution of its calcar-
eous cement in an area that lies generally northwest of U. S. Route 17. The
specific capacities of wells in this area range from 20 to 75 gpm per foot
of drawdown, whereas they range from 1 to 7 gpm per foot in the eastern part
of the county.

i Many of the wells that tap this productive zone in the Peedee Formation
are of the open-hole type, the casing being set in sandstone or on the over-
lying limestone. These wells are developed by using compressed air to remove

g loose sand, silt, and clay.

The zone is generally 10 to 25 feet below land surface in the north-
western part of the county but is more than 150 feet below land surface along
the Atlantic coast. It is overlain by a clay bed that ranges in thickness
from only a few feet to more than 50 feet in places. The clay bed retards
the movement of water both into and out of the sand. The piezometric surface
(fig. 13) is highest in the interstream areas in the central ‘part of the

' county. These are the areas in which the sandstone aquifer 1s recharged.
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This recharge occurs as water moves downward from the overlying beds. The
natural discharge from the sandstone aquifer is in the major stream valleys
and upward through the overlying beds along the coast.

The quality of the water from the sand in the Peedee Formation is accept-
able for most uses. The hardness ranges from less than 60 mg/l (milligrams
per liter) to more than 200 mg/l (fig. 14), the higher values being in the
northern half of the county where the sandstone aquifer shows the greatest
degree of calcium carbonate concentration. Figure 15 shows that the chloride
content generally ranges from 5 to about 200 mg/l. Note that the chloride map
roughly outlines the areas of recharge and discharge. The area surrounded by
the 20 mg/l chloride contour approximates the area in which the Peedee sand-
stone aquifer is receiving recharge, and the area outside of this contour is
approximately the area of discharge. The iron content in samples analyzed

_ranges from 0.01 mg/l to 3.0 mg/l in areas of effective recharge (fig. 16).

Castle Havne Limestone

The Castle Hayne Limestone overlies the Peedee Formation and is a pro-
ductive aquifer in much of the county. The limestone is absent in an area
west and northwest of Wilmington but in other parts of the county it thickens
toward the southeast. It is predominantly a sandv shell limestone, but in
some places it is a hard limestone. The Castle Hayne is readily identified
from well-cuttings, as it is an indurated light-colored fossiliferous lime-
stone, Although it contains some relatively impermeable beds of marl or dense
limestone, much of it is highly permeable; the permeability resulting from
solution of the rock by circulating ground water (LeGrand, 1960, p. 17-18)
(Mundorff, 1945, p. 50).

In the southern part of the county beds of sandy coquina and clay, prob~
ably of Miocene age, overlie the Castle Hayne Limestone. The sandy coquina
yields some water to wells and probably forms a single hydrologic unit with
the Castle Hayne. . 5

Where the Castle Hayne Limestone is presént in the northern part of the
county, it lies near the land surface, but is more than 100 feet deep in the
southern part. The thickness of the Castle Hayne varies greatly from one
place to another, being generally less than 50 feet in much of the county and
more than 100 feet in the southern part (fig. 9).

The water-bearing characteristics of the Castle Hayne are variable from
place to place, depending on the thickness and permeability. The specific
capacities of wells tested range from 4 to more than 50 gpm per foot of draw-
down. The highest yields obtained from the Castle Hayne Limestone are in the
area between U. S. Highway 17 and Wrightsville Beach. The water in the Castle
Hayne occurs under water-table conditions in the northern part of the county.
Elsewhere, however, the water may be confined beneath clay beds. Wells gen-
erally tap only the Castle Hayne in the southern part of the county where the
limestone is thickest, but in the northern part, where it is thinner, the wells
also generally tap both the Castle Hayne and the sand in the Peedee Formation.
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GEULOGY AND GROUND-WATER OF NEW HANOVER COUNTY

Many wells penetrating the Castle Hayne are of the open-end type, ‘the
casing being set near the top of the formation in hard limestone. A few un-
screened wells have been noted to yield water containing coarse quartz sand
and fine gravel from the upper part of the formation, probably from sand-
filled solution channels or cavities in the weathered surface.

The water levels in the limestone (fig. 17) are highest in the interstream
areas, indicating that the formation is recharged locally; water levels are
lowest in the major stream valleys and along the Atlantic coast where natural
discharge takes place. Recharge of the limestone is facilitated in the north-
eastern part of the county where the limestone is shallow and where it is over-
lain by flat-lying sandy material into which precipitation readily infiltrates.

The quality of the water in the Castle Havne Limestone is acceptable for
most uses. The iron concentration of iwater samples analvzed ranges from 0.1
to 12 mg/l (fig. 18) and in general decreased from areas of recharze toward
areas of discharge. The chloride content of the water generally is low except
along the Atlantic coast where there mav be leakage of sea water into the
limestone. Figure 18 also shows that the chloride concentrations increase in
the areas of discharge--creeks, sounds, and inlets--and are greatest along the
coast from Wrightsville Beach northward. The water is moderately hard (61 -
120 mg/1) to very hard (more than 200 mg/l).

Undifferentiated deposits of late Tertiary age

Southwest of Wrightsville Beach the Castle Hayne is overlain by an aqui-
clude of calcareous clays, sands, and silts containing thin shell beds. This
marly sequence thickens southward from Wrightsville Beach and Barnard Creek
toward Carolina Beach where it is about 75 feet thick. Only very small sup-
plies are available from the thin shell beds and cleaner shallow sands of this
unit. Locally sandy coquina of irregular distribution forms a minor aquifer
at or near the top of the above sequence. Specific capacities of two wells in
sandy coquina (table 1) were 2.6 gpm per fodt of drawdown for well 368 and 6
gpm per foot of drawdowm for well 381. In four wells for which quality of
water data are available, the iron concentration ranged from 0.3 to 3.1 mg/1,
the chloride concentration ranged from 5 to 22 mg/l, and the total hardness
ranged from 84 to 278 mg/l.

Undifferentiated surface deposits

The slightly inclined rock units previously described are overlain at the
surface by beds of sand, clay, and marl. Such surficial deposits include ter-
raced materials and related beach sands, the present day beaches, sandy coquina
beds marking Pleistocene beaches and inlets, high fossil sand dunes along U. S.
Highway 421 from the Pender County line to Carolina Beach, Pleistocene stream
channels filled with coarse sand, and silty interstream deposits. The surface

material throughout almost all the area contains the uppermost ground-water
body.

The water in the surface material is under water-table conditions through-
out the county. The configuration of the water table approximates the topog-
raphy of the land surface.

L
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The high altitude of the water table beneath topographic highs in New
Hanover County indicate that the recharge areas are the broad areas between
the streams. The uplands are favorable recharge areas, as they generally
are flat and very sandy. Runoff is low to nonexistent. The streams have
{ncised their channels into the surface material, and the ground water dis-
charges as springs and seeps along the stream channels.

The thickness and water-bearing capacity of the surface material vary con-
siderably from one site to another. The thickness determined from auger holes,
ranges from less than 20 feet to about 60 feet. The water-bearing capacity de-
pends not only on the thickness but also on the character of the material.

During this investigation the geology and hydrology were further explored
through installation of 8 test sites and observation wells., The results of
these tests are reported and interpreted in the following section of Hydraulic
Characteristics of Aquifers.

The sand dune areas south of Wilmington are similarly underlain by coarse
sand in many places, and the hydrology is thus similar. However, infiltration
from the tidal creeks and the river must be prevented because the Cape Fear
River estuary is quite brackish downstream from Wilmington. Brackish water
extends farther up the Northeast Cape Fear than up the Cape Fear River. There-
fore, all infiltration wells to be screened in the dune sand and stream de-
posits adjacent to the Northeast Cape Fear River between Wilmington and Castle
Hayne should be managed carefully to avoid lateral salt-water encroachment.

Elsewhere, small yields are available for small irrigation and domestic
supplies from the finer grained and shallower surface sands throughout the
county.

The iron content in water from the surface material generally is high
everywhere except adjacent to creeks, sounds, and estuaries, ranging from 0.01
to 12 mg/l. However, in the sand hills area the iron content of the water is
less than 0.3 mg/l except near the rivers where some infiltration probably
occurs.

The chloride concentration is less than 20 mg/l throughout the county in
the surface sands. Where the sands are adjacent to parts of the Cape Fear
River that contain brackish water, the risk of drawing brackish water into
the sands is increased by pumping of wells.

The hardaess of the water in the surface sediments ranges from soft (less
than 60 mg/l) to moderately hard (61-120 mg/l) throughout most of the county.

Large yields of water have been obtained from wells in the sand hills area
between the Cape Fear River and Northeast Cape Fear River north of Wilmington.
A yield of 1,100 gpm was obtained from a multiple well-point installation for
several weeks during construction of the Sutton Power Plant in 1952 (LeGrand,
1960). One large pond near well 105 on the east bank of the Cape Fear River
is reported to have a similar high yield. Well 108 which taps the-dune sand
has been tested at 480 gpm at 7.0 feet of drawdown--or a specific capacity of

69 gpm per foot of drawdown. However, specific capacities of wells at the
. ... pearby Nitrex Plant range from 2 to 15 gpm per foot. Screens .for naturally

developed wells in these sands range from 35 to 60 slot size.
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Previous investigators (LeGrand, 1960, and Thompson, 1941) have noted the
permeable character, the lack of surface runoff from, and the infiltration
potential of the above sand hill deposits. LeGrand (1960) suggested that
about 90 percent of the preipitation in the sand hills area soaks into the
ground, and estimated that about 730 million gallons a year per square mile
becomes ground water. He also indicated that because of the great perme-
ability of the sand, the ground water discharges readily into the swamps bor-
dering the rivers, and the water table is nowhere more than a few feet above
river level. He further suggested that water from the rivers could be induced
as additional recharge to the sand where water levels are lowered below river
level by pumping wells and cautioned that where recharge from the river occurs,
the chemical quality of the water pumped from the sand may be objectionable
where the river water is brackish.

HYDRAULIC CHARACTERISTICS OF AQUIFERS

A phase of the ground-water study was designed to determine such charac-
teristics as the coefficients of transmissibility and storage of the aquifers,
and the specific capacity of wells drawing from the several aquifers. Aquifer
characteristics were determined by making pumping tests on test wells, selected
irrigation wells, and domestic wells; assisting well drillers in making pumping
tests on wells following construction; evaluating drillers' records of previous
pumping tests; comparing tidal fluctuations in wells with the corresponding
ocean tides, and making pressure recovery tests on flowing wells. The test
data are presented in table 1. The well numbers correspond to the numbers
shown on the well location map (fig. 3).

For those tests which were of less than 24-hours duration, the specific
capacities are shown as measured at the end of the tests. The adjusted 24-
hour specific capacities are then tabulated in the following column, and
plotted on figure 19. The coefficients of transmissibility are calculated
from pumping-test data or estimated from specific-capacity data. The satu-
rated thickness of an aquifer is given where that information is available.
The approximate field permeability may be calculated at some well sites by
dividing the transmissibility by the saturated thickness.

Specific-capacity data derived from the tests of 1-1/2- and 1-1/4-inch
wells are affected by incomplete development, partial penetration of aquifers,
pipe friction, and screen losses. Adjusted specific capacities of small dia-
meter wells in the sand hills northwest of Wilmington differed from the ob-
served specific capacity of the 10-inch gravel-packed wells at the Sutton
Plant by a factor of about 1 to 20, Calculated coefficients of transmissi-
bilities differed by as much as 1 to 4.

Comparison of the tested coefficients of transmissibility of wells 51 and
107 with those of established production wells in the area indicates that the
coefficients of transmissibility of the coarse sand most reasonably range from
50,000 gpd (gallons per day) per foot in the north near the Pender County line
to 100,000 gpd per foot in the vicinity of the Sutton Plant. The sand is also
known to thicken in this direction. From the above transmissibilities and the
observed ground-water levels the sand hills area is calculated to be discharg-
ing 0.88 to 2.0 mgd (million gallons per day) per square mile to the surrounding
river and underlying formations. Of the 50 inches of annual precipitation 18.5
to 41 inches is contributed to ground-water recharge.
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Table 1.--Aquifer test data on selected wells

Specific capacity

gpm/ft of drawdown

Pumping | Draw- | Length Storage Saturated
Well| rate down | of test| End of End of | Transmissibility | coeffi- thickness
No.| (gpm) (ft) (hours) test 24-hours (gpd/ft) cient Aquiferil (ft) Remarks
1| 25.5 | 76 | 3 3.4 3.2 | 13,000 - 29,0002 Kpd 45 | 3' of 11" screen,
#30 slot
2| 30 5.3 | 2.5 5.7 5 7,000 - 14,0002 |0.1-0.25 | Tch 50
4| 322 |a4s 2, 7.2 7.2 10,0002/ Teh-Kpd
5 | 325 |20 24 16 16 20,0002/ Teh-Kpd
7| 325 |47 24 7 7 10,000%/ Teh-Kpd
16 | 63 3.6 .67 | 17.5 14 25,0009/ Tch-Kpd 40
24 | 400 75 96 5.3 5.3+ 8,0005/ Tch-Kpd
25 | 300 |28 24 10.7 10.7 15,5002/ Tch-Kpd |
27 | 200 12 24 16.7 16.7 24,0005/ Tch-Kpd |
36 | 32 2.6 3 | 12,7 9.0 20,0002/ 005-.05 | Kpd
47 | 35 4.1 .6 9 .5 10,9002/ Kpd
48 | 55 4.6 9 | 12 8.3 11,200/ Kpd
50 2.6 | 8.7 .3 .3 as/ 45502 Kpd 20 2' of 2" screen,
. #10 slot
51 10 4.4 .7 2.3 2.39/ 20,000 - 30,0009/ TQ 38 2' of 11" screen,
: #10 slot
52 12.3 5.2 2 2.4 2.4c/ 26,000 - SO,OOOQ/ .2 Q 22 Transmissibility
calculated from
tidal effects
53 2 24 .5 .1 1/ 3,0009/ TQ 27 3' of 15" screen,
#10 slot
s6 | 12 3.7 | 2 3.2 3.2¢/ | 22,600 - 63,5002 Q 41 3" of 13" screen,
#10 slot
63 | 36.5 | 2.6 3| 14 7.7 11,0002/ Kpd 40+
b
73 24 ? 1.8 ? 1.3 4,000—/ Kpd Only 7' penetrate
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Table l.--Aquifer test data on selected wells--Continued

Specific capacity
Pumping { Draw- | Length gen/ft of drawdown Storage Saturated
Well | rate down |of test]| End of End of | Transmissibility |coeffi- a/ thickness
No. (gpm) | (ft) (hours) test 24-hours (gpd/ft) cient Aquifer— (ft) Remarks
82 52.5| 0.65] 0.3 |81 60 140,0002 Tch 50+
88 36 1 4 36 30 40,0002’ Kpd
90 | 53 1.3 40 28 40,0002/ Kpd 20+
91 62 1.4 .5 | 44 23 25,0002 Kpd 30+
106 46 | 12.7 2 3.6 3,68/ 28,000 - 30,0002 | o0.15 | T 33 10' of 2" screen,
#10 slot!
107 12 3.5 2 3.4 3.48/ 60,000 - 130,0009/ TQ 25 3' of 11" screen,
: #10 slot
108 480 7 ? 69 100,0002/ Kpd-TQ 46 - 67 | Gravel packed fro
33 to 53"
e/ b/ -
110 16.5| 4.2 2.2 3.9 3.9= 70,000~ .3 1Q 36
111 3.9 9.3 1 42 .429/ 4,0009/ Kpd-TQ 20+ 3'#35 1%" screen,
slot
113 | 200 |18 19 11 11 15,000% Kpd 28
114 | 200 |13 72 15 15+ 20,000 Kpd 37
115 80 |20.4 | 24 3.9 3.9 5,0005/ Kpd 24+
127 7.8 .16| 1 49 3% 80,0002/ Kpd 40+
128 | . 210 8.7 | 18 24,4 24 30,0002/ Kpd 40+
129 | 300 7.5 ? 40 60,0009/ Kpd 40
131 | 33 | 9 10 38 50,000/ Kpd
132 | 465 8 ? 58 70,000/ Kpd
136 64 | 2.6 3| 24 15 30,0002/ Kpd
141 73 .73 .25 [100 75 100,0009/ Tch-Kpd 38+
175 | 165 [<54 ? 3.1+ 6,000% Teh-Kpd
181 250 60 24 4,2 4,2 6,0002/ Kpd J J Gravel pack
196 \ 100 \ 14 1 \ 7.1 10,0002/ KM DLV

Vd



Table 1.-- quifcﬂestﬂa on%lecmwelpt,‘un“uu- Nl EE B e

Specific capacity
Pumping Draw- | Length gem/ft of drawdown . Storage Saturated
Well| rate | down | of test| End of End of | Transmissibility |coeffi- thickness
No. (gpm) | (£t) (hours) test 24-hours (gpd/ft) cient Aqui[er—?-/ (ft) Remarks
208 | 97 |14.4 | 24 6.8 6.8 13,0002/ Kpd 40+
215 | 165 | 44.5 1 3.7 5,000/ Kpd
218 | 220 |20 ? 11 . 20,0005’ Tch-Kpd
228 | 340 |80 24 4,25 . 4.25 6,0009/ Teh-Kpd Gravel pack
230 | 360 |55 24 6.6 6.6 10,0009/ Teh-Kpd Gravel pack
24 16.4| 5.9 3 2.8 s 8,000% Teh-Kpd
256 | 60 |16 3| 3.7 2.6 6,000% 0.001 | Kpd
260 { 150 |20 48 7 7.5 7.5 11,0009/ Kpd
\ 262 | 150 |90 48 1 1.7 1.7 4,000/ Kpd
- 290 | 100 |15 6.7 | 10,0005/ Kpd
' 294 | 275 | s8 24 4.8 4.8 9,0008/ Kpd Gravel pack
299 | ‘144 |[36.7 | 24 4.0 4.0 7,000% ' Tch-Kpd
302 | 110 |17 24 6.5 6.5 14,0002/ Tch-Kpd
323 50 7.6 ? 6.6 © 14,000%/ | Teh-kpd
329 | 25 7.8 | 1 3.2/ | 9,000%/ Teh-Kpd
335 | 192 |36 24 5.3 5.3 | 7,000% Kpd
341 6.7 2.4 | s.4 | 1.95 1.8 40002 Kpd
a2 | 600 |19.6 | 8 30.6 21.3 40,0002/ TQ-Kpd Gravel pack
33 [ 60 |15 24 4 4 6,000%/ Kpd
361 | 50 7 a7 ] 7 4 60002 Teh-Kpd
368 5 | 1.8 5.1 | 2.8 2.6 40002/ .5 TQ 56 | 2 of 13" screen,
#10 slot
397 | 150 |33 24 4.55 4.55 7,000+ ¢/ Tch
398 | 153 |51 24 3.0 3.0 5,000+ £/ Tch

s et ——— e =
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Table l.--Aquifer test data on selected wells-—-Continued

Specific capacity

gpm/ft of drawdown

Pumping| Draw- | Length Storage Saturated
Well| rate down | of test| End of End of | Transmissibility |coeffi- thickness
No. (gpm) | (£t) (hours) test 24~hours (gpd/ft) cient Aquiferi (ft) Remarks
46 | 28 | 1.7 | 0.3 [165 12 30,0002/ 0.0001 | Teh
407 | 170 |30 5 5.7 5.4 20,0002/ Tch
410 | 235 |23 9 10 9 20,000%/ Teh
412 30 8 3. 3.8 2.8 5,000+ Tch

a/ Kpd - Peedee.
Tch - Castle Hayne.
TQ - Undifferentiated late Tertiary and Quaternary sands.

b/ Calculated from time-drawdown graph.

¢/ Estimated from specific capacity and storage data.

d/ Calculated from tidal effects.

e/ Still undergoing development at end of test.
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Figure 19.--Map showing measured specific capacities of wells with depths
less than 180 feet below mean sea level,
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The amount of ground-water discharge that can be salvaged as potable
water depends upon future well-field design and development, the degree to-
which the area is left unpaved, and the manner of disposal of industrial
wastes. The moderate coefficfent of transmissibility and high coefficient
of storage indicate that the coarse sand deposits can be developed using

infiltration galleries, open ponds, multiple well points or large-diameter
gravel-packed wells.

The data from the sand hills area northwest of Wilmington indicate that
vields from wells 8-inches in diameter, gravel packed to a nominal 16-inch
diameter with 20 feet of screen, and spaced at least 500 feet apart will be
at least 250 gpm. Similar yields should be expected from such well-field
designs in the sand~-dune area south of Wilmington where underlain by coarse
sand. Larger yields may be obtainable as a result of induced infiltration in
areas where the sands are hvdraulically connected with the rivers, such as at
the Carolina Power and Light Company's Sutton Plant and along the Northeast
Cape Fear River below Castle Hayne. Care must be exercised, however to pre-
vent infiltration from the rivers where they contain brackish water. Brackish
water extends upstream in the Cape Fear River as much as 10 miles above
Wilmington during periods of low flow. This fluctuation in quality of water

from time to time requires careful planning of ground-water development near
the river.

Elsewhere the specific capacity of a properly designed and developed well
generally is found to be at least 3 gpm per foot of drawdown throughout the
county (fig. 19). Minimum yields of 150 to 250 gpm of potable water may be
developed almost anywhere in the county.

The specific capacity of wells in the watershed of Smiths Creek north of
Wilmington is greater than 20 gpm per foot of drawdown. Here, the sandstone
aquifer, containing some calcareous material, has undergone solution and
channels (fig. 19) in its upper surface contain up to 30 feet of coarse sand.
Solution in the aquifer may account in part for..the abnormally high specific
capacity of well 112. Wells having exceptionally high specific capacities
also are found in the limestone aquifer at Porters Neck (well 82) and near
Wrightsville Beach (well 251). However, high specific capacities of wells in
the limestone i1s much more sporadic than in the other aquifers.

The prohibitive cost of drilling test wells and the limited time avail-
able made it necessary to collect most of the data from existing privately
owned wells. Thus, the available hydrologic data from remote and unpopulated
areas are less than desired. Specifically, the position of the salt-water
interface and information on the water-bearing characteristics of the sand-
stone aquifer are unavailable in the southern tip of the county. In areas
where the geology is known but the hydrologic data are deficient, the aquifer

characteristics are estimated by projecting known data from similar geologic
situations.

The information presented in this section does not preclude the necessity
of drilling exploratory wells when the desired quality of water is critical

or when the needed quantity of water approaches \the limits indicated in this
report.
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WATER-LEVEL FLUCTUATIONS

Observation wells were established in the different aquifers during ¢
initial phase of the study to measure changes in ground-water storage, €

Despite heavy rains ground-water storage is least during June, July, and
August when evapotranspiration demands are greatest, and again during Deéembpr
after the fall "drought." The water level is highest in late February anq
early March during the period when winter rains are heavy and vegetation {g

dormant. There is frequently a secondary peak in ground-water levels ip Sep-
tember resulting from heavy rains.

LOW-FLOW DISCHARGE MEASUREMENTS

The low-flow discharge of streams, sometimes called the "base flow," ig
that streamflow which occurs during long periods of fair weather. This flow
is derived entirely from ground-water discharge. In order to evaluate the
amount of ground water discharging in New Hanover County, measurements were
made of the low flow of Smiths, Prince George, and Todds Creeks, as well ag
the flow from Greenfield Lake. These creeks and the lake are important areas

of ground-water discharge in New Hanover County and may represent significant
sources of water supplies.

In October 1965 a low-flow recession recorder was placed in operation on
Smiths Creek about 500 feet southwest of N. C. Highway 132. Data from this
recorder were used to determine what part of the streamflow is supplied by
ground water. The streamflow in Smiths Creek, water levels in well 141, and
the precipitation at the New Hanover County Airport are shown for the period
from October 1965 to March 1966 in figure 20.

Smiths Creek has a drainage area of 8.9 square miles upstream from the
low-flow recession recorder. It is a rural, sparsely populated area of which
two-third: is forest-covered and one-third is agricultural. Large ground-
water witndrawals are not known in the area.

Figure 20 illustrates the relationship between precipitation, ground-
water levels, and streamflow variations. During the period from late October
through December the total precipitation at the nearby New Hanover County Air-
port totaled only 2 inches. Although plant transpiration and evaporation
vere low, they utilized nearly all the precipitation, and very little ground
water was added to storage. Thus, the water level in well 141 declined at
the nearly uniform rate of 0.03 feet per day. The ground water discharge
into Smiths Creek, as indicated by the nearly horizontal segments of stream-
flow graph during this period, was approximately 2 cfs (cubic feet per second).

During the period from early January through the middle of March, when
evapotranspiration losses were still at a minimum, the increased precipitation
resulted in a rige in the water level in well 141 at rates of about 0.06 to
0.03 feet per day. As the aquifers became saturated a decreasing amount of

the available precipitation went into storage and the contribution to stream-
flow was correspondingly increased.
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Figure 20.--Composite graph of precipitatibn at the New Hanover County
Airport, discharge from Smiths Creek, and fluctuations of
the water level in well 141.

On March 16 the water level in well 141 declined sharply possibly due to
reduction of backwater effects in Smiths Creek combined with increased evapo-
transpiration. If it can be assumed that the evaporation losses and the pre-
cipitation from late October to January were similar to those from March 15
to April 25, then the 0.0l foot per day increase in the water-level decline
in well 141 during that period can be attributed to plant tramspiration.

The January 4, 1966, low-flow discharge of 1.8 cfs at the station on
Smiths Creek represents about 1.2 mgd of ground-water effluent. The April
25, 1966, low flow of 1.6 cfs (1.07 mgd) is about 89 percent of its January
rate.




HYDROLOGY

Greenfield Lake is on the southern edge of the city of Wilmingtonp, It
has a drainage area of 4.1 square miles and was discharging 3.1 cfs (1.g mgd)
of water at the spillway on December 8, 1965. The streams draining ing,

t
lake are quite short, and their gradients range from 30 to 50 feet per milze
Thus the lake is in effect a very large spring. :

Although storm sewers drain
into the lake, sanitary sewage lines do not.

Prince George Creek has a drainage area of 2.4 square miles above jitg
intersection with the Blue Clay Road (rural road no. 1318). Most of the area

is forest land. The December 9, 1965, discharge of 0.22 cfs represents 0,]4
mgd of ground-water discharge.

Todds Creek has a forest drainage area of 0.03 square miles above itg
intersection with N. C. Highwav 132. The December 9, 1965, discharge was
0.11 cfs (0.07 mgd).
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QUALITY OF WATER

The quality of ground water in New Hanover (cunty is influenced by the
chemical and physical character of the watcr as it enters the ground and by
the composition of the rocks through which it moves. Rainwater usually con-
tains dissolved gases, chiefly oxvgen and carbon dioxide, that make it slightly

acidic and thus capable of disscliving mincral matter from the rocks comprising
the aquifers. The chemical quality of water varies considerably between areas
of recharge and areas of discharse. Shallew ground water in the county has a

low hardness where the Pleistocerne and WlC‘““e sediments are not composed of
soluble carbonates. Because of the water'

¢ z2:idie and the high solubility of
iron in acid water, iron is leached Irom minerals “a the aguifer. As water
moves through the azuvifer zovard i Zi: Tirce v o« iz tends to increase in
mineral content, chizsfly bgcause -7 the s-l:titn o7 cilcarecus cerent.

DISSOLVED MINERAL CONSTITUENTS

Chemical compounds of zalcium, ire

\ n, tctassium, sodium, magnesium, and
most other common metals make up most c¢f the dissclved nineral matter in ground
water., Chemical analvses of water samplec from various aquifers in New Hanover
County are given in table 2; partial analyvses

s are reported in table 5. Complete
analyses were made to give adequate areal and chemical representation of the

individual aquifers. The sampling sites were chosen on the basis of data ‘
obtained from partial analvses.

The chemical analvses in this repert are expressed in milligrams per liter
(mg/l). As of October 1, 1967, the U. S. Geological Survey reports results of
chemical analyses in milligrams per liter (mg/l) instead of in parts per million

(ppm). 1In the fresh through moderately saline water range, mg/l are virtually
equal to ppm. The following discussion gives pertinent information concern-

ing the geologic source of dissolved mineral cpnstituents, the recommended

limits of the U. S. Public Health Service, methods of treatment, and their
significance in relation to use.

SPECIFIC CONDUCTANCE

Specific conductance is a measure of the capacity of water to conduct an
electric current. The conductance is primarily dependent upon the amount of
dissolved constituents and their degree of ionization. Therefore, specific
conductance values may be used to estimate the total amount of solids in solu-

tion. They are expressed in reciprocal ohms times 10 (micromhos) at a standard
temperature of 25°C. \

HYDROGEN-TION CONCENTRATION (pH)

The hydrogen-~ion concentration, expressed in pH units, is the degree of
acidity or alkalinity of the water. The pH of a solution is the negative log-
arithm of the concentration of the hvdrogen ion in moles per liter. Numeri-
cally, the pH scale extends from 0 to l4. A water having a pH value of 7 is

said to be neutral, and the concentration of hydrogen ions is equal to the
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Table 2.~=Chemical analyses of water
(Results in milligrass per liter except as indicated)
l Specitic Nis- Hardneas
' conduct- Tewn Mag- Po-} Man~ | solved
Date .| ance pH per-] Cal- ne- tas-| Bicar-| Chlod Fluod Ni- |Phos-Alus-] ga~- | sulids { cal- Non-
Well of ~'w |(micro- ature] Silical cium | sfum}Sodium| sium bonate| Sulfatd ride | ride | trate|{phatginum | Iron nese , (calcudcium, jcar-| Color
Number collection} § 5| =hos (°F) | (3105) (Ca) | (Mg) | (Na) | (K) ]| (HCOg)| (S0¢)| (CDH| (F) | (NO3)|(POGY (Ad)) (Fe)| (Mn) | latedNmagne~ipon-
38 at 25°C) i sium fate
S e [ RO AU SO SNV S S L

22 09/22/65 360 e.0a/ 63| 12 64 3.3 7201 1.1 190 10 9.:4o. 1,9 j0,0 {0,1]0,32) 002 202 [174 18} o
23 05/20/52 737 7.1 -] 41 84 8.5] s8'b/ 308 2.4 He R 7| -=] == .92 07l 446 | 243 - 2
29 10/21/63 427 6.8/ 63| 24 83 2.1 8.0] 1.4 284 4 n 2 ‘2| 16| .1 |29 ‘o 261 217 ol10
a4 09/27/85 400 8.8s/ 64} 29 72 1.1 12 1.4 230 4 16 .t K] 1 2.7 N 246 | 186 ol s
KL 09/23/85% 456 7.18/ 66| 26 a7 3.8 7.8] 2,3] 282 K} | &3 .2 8 . .2 11,6 BRI 279 | 233 2{ 5
3u 09/27/63% 242 7.5 83| 12 45 1.8 4,2 .B 129 8. 4 7.0 2 L2 < N .64 ,031 143 1z 10 5
51 06/11/83 33 6.8 66| 3.9 3.4 2 1.4 .8 11 2.4 1.6 0 K] ,00 R ,03 KiX) 21 e 1!l 0
33 06/11/683 193 7.2 68 3.9 17 7 18 2.2 52 4,6 27 0 R ol W1 .57 KX 106 45 20 5
68 09/24/65 811 6.6a/ 66| 12 101 2.9 8.€) 1.0f 310 8 16 2 K Y 2020 ‘0s| 297 | 264 10{ 70
70 09/24/85 840 6,74/ 68| 28 103 4.4 n 1.3 327 2.6 19 K alto .1 4.9 o8 311 |276 | 8] 10
86 09/23/65 447 7.1 a/ 66! 13 77 3.3 13 1.8 267 .6 6 L2 3 .0 1110 .00 260 214 + O 5
] 87 08/02/6% 599 | 26100 7.7 68 8.8 195 233 5350 200 406 546 B78R0 R:) 2 0 .3 16,0 .10} 15600 }450 110 7
o~ 87 08/12/63 | 320| 10480 7.9 68 9.8 67 84 (2330 20 4108 58 paso R 1.1 .0 .3 .61 04 6700 1312 |177| 4
w 87 08/06/63 | 220 33t 7.% - - 19 1.6] 40 == 75 - 47 - - - -- - ,00 - 54 0] -~
96 09/23/65 882 7.28/ 68 - 89 5.8 - -} 1322 - 46 - -- | -~l2.8 09 -~ | 246 ol s
! 108 09/27/63 29 5.1/ 67] 4.5 1.8 .3 2.1 K} [} 3.2 4.4 .1 5 Ky .0 .02 .02 21 6 2{ 0
111 06/10/63 31 6.9 68] 4.1 3.0 4 1.8 1.9 10 2.2 3.t 0 K .00 .0 .08 .03 22 9 1{ o
113 08/04/6% 174 8,5 66| 6,9 18 1.5 7.81 1,9 14 9.4 14 1 40 .0 0 .89 o1t 107 52 401 4
131 05/16/65 323 8.2 17 33 9.1 19 2,4 164 1.8 27 . L 0 .0 19 Nix] 143 126 ol 2
134 09/23/83 452 7.5 64 18 81 3.8 12 1.6 288 4 14 2 b Ri 1 e Nyl 265 218 [ -]
147 09/27/63 463 6.8 s/ (1) - -1 2.9 - - 284 - [N - -- - - 12,7 W13 - 236 4 ]
154 10/21/63 603 7.28/ 66| 22 86 12 32 3.8( 333 1.4 30 3 | o3} 2] 02 ‘00] 361 | 264 ol 12
185 09/24/63 450 7.0 Y 66| 10 70 4.2 15 1,2 184 10 a8 RY 1 .2 .1 .02 .01 252 193 42 3
1680 09/27/65 774 7.0 . 86| 30 - 3.00 10 50 5.1 339 1.4 74 .1 ] 0 .2 01 Lol 452 293 0113
187 12/06/65 677 7.8 - 23 80 14 1" 6,3l a2 8.8 61 A 2 o7l 21 o2 ,00] 396 {256 ol 7
1717 09/24/63 aJe1 7.18/ 68| 20 49 12 8.6 3,0 210 .4 15 4 A L0 ] Lu2 ,02] 214 170 ] ]
178 09/24/63 369 6,70/ es| 10 71 1.4 6.6 JHp 220 .8 12 . A Kl N .71 04 211 184 al s
209 06/10/64 502 7.8 =<l 18 32 4.6 4" 4.8 178 15 58 2 L2 N - 42 - 283 150 4] --
230 09/12/61 390 £/) 7.4 --] 12 200 12 - - - 70 20 - ) .0 .8 (1.8 -l 312 ) 212 --110
249 10/14/63 337 7.9 - 8,7 60 2,8 a7 .6 190 1,2 15 1 & .36 .2 67 .03 191 161 4 8
253 04/20/63 390 7.9 66} 18 54 12 58 8.4 226 8,2 87 .3 L2 .0 .0 .83 .01 357 184 (4] 3
255 04/20/63 730 7.9 64) 18 60 13 63 6.6 234 9.2 107 WJ ) .0 .1 .85 .00 393 203 11 9
256 04/20/6% 840 8.0 64] 18 20 as 83 8.8 236 14 136 a3 L2 Lo .1 a2 .01 436 206 13§12
! 257 04/20/65 3030 8.0 64} 18 69 64 392 22 228 a6 800 2 o 2] .93 .00{ 1560 {438 (251] 7
238 04/20/63 920 7.9 64] 17 54 16 23 9.8 207 17 170 .4 N 1 .1 .49 .01 482 200 30 7
259 04/18/68 830 8,1 80} 17 32 25 86 9.6 204 16 147, A R .0 .1 09 .00 433 182 15 3

_-_/ Field pH meter value. b/ Calculated Na plus K, reported as Na, / Fulbright Laboratories, Inc.



Tuble 2.~-Chemical analyses of water--Continucd

(Results in milligrams per liter except ay indicutod

Specific '1 Dis-| Hardness
conduct-~ Tem ~f. Mag-~ Po- Man- | solved
Date T a| ance pH per- Cal- ne- tas-{ Bicar-] Chlod Fluod Nt- [PhosdAlum- ka~ | solids | cal~ Non-
Well of '5.'5. {micro- ature! Stlicaj ctum slum{Sodium | afum] bonate] Sulfatd ride | ride | trate[phaty fnum 1ron] nese | (calcuqctum, fcar-| Color
Number collection as mhos (°F) [ (310} (Ca) [ (M) | (Na) | (K) | (HCOy)| (5040 (C1) ] (F) (Nuy ) [ (10D (A1)| (Fe)i (Mn) 1ated)|magne-bon-
at 25°C L ] afum jate
280 04/20/6% 980 7. 36] 17 60 19 100 9.1 223 18 187 {0 4 0,1 (00 joo 2,57 0,02 519 | 226 44 7
282 04/21/6% 671 7. -] 17 56 12 67 A9 222 9.6 |1nu K 2| .2 110 .02l 189 188 6| 5
264 10/04/65 388 7.4a/ - - 61 4,2 - --1 204 - 16 - - -~ - ]20 07 -- ] 168 2] -~
275 10/15/65% 261 7,48/ - - 48 2.3 - - 152 - " .- - -] <} .25 .02 -~ j128 4| -~
281 10/20/63 260 1,ig/ 65| 11 47 2.6 4.3 .8l 154 1.4 7.4 ¢ a1 .08 2] .20 .01 181 | 128 2110
287 ©09/30/63 185 7.4/ 671 3.6 37 1.3 3.5 .8 110 7.2 7.60 .1 1] 22 21 .25 A8 117 98 8| 8
288 09/29/63 218 7,78 67 - 28 7.1 - <<l - [ - - -=} -} .06 Kl - 98 0] ~--
216 10/14/63 858 2.5/ --] 18 50 17 64 6.8 260 2.6 yu A 2] .05) 2] .28 .01l 377 [ 198 of14
17 10/14/83 508 7. |° ==} 30 55 22 32 2.4 237 1.0 72 N a)owe2f 11 .04 332 | 228 34} 10
3 10/21/6% 374 7.1a/ 661 3.1 72 2.3 5.9 A4l 218 8.0 11 2 31 .24f 1| .08 .04 211 188 10]10
a3s 09/30/63 297 7,g s/ 87 - 31 6.1 -- -~ 126 -~ 62 -~ N I e A I | .02 -~ {102 of ~--
340 09/30/65 426 g &2/ 67 -~ | 33 7.9 -- -] 172 -- 52 -- R I e I P m - | 116 ol -w
! 343 10/19/63% 252 7.08/ 67| 12 31 12 142 12 147 12 29 K 1 lr0al 11,4 L03] 513 126 6| 7
348 08/30/6% -~ 8.4 85 - 48 1.6 -~ == 151 - 15 - -- -—] - (4.0 0d -- {126 2| --
T 348 09/30/63 - 7.08/ 68 - 72 6,0 - == 245 - K] -- - -~ <182 LOR -- l208 ] -
o 347 09/02/63 | 332| 10300 6.8/ 69 9,0 81 69 |zo00 70 165 | 545 ALTTTINS O D) el L0y 212.7 .08l sA30 [ 4A6 [187] S
1 347 08/30/63 | 622] 23300 7.08/ 70 7.4 232 [153 [s110 ,8] 446 405 SO T ] 1.9 ) wol 4)s .14 14600 h210 {927} 5
349 09/30/63 384 7.58 66| 18 35 13 25 4.8} 178 2.0 48 ] 2l a7 21 a0 021 228 142 of12
362 10/16/63 552 7.38/ - 27 46 a3 17 19 344 1.6 21 s | L10) 2] A 02l 135 | 248 of 15
368 10/21/8% 181 l 7.88 89, - 33 .7 - -~ 104 - 5.y -- - ~e ] -=1 .26 .01 - 84 0] ==
an 10/14/85 192 7.8/ -l 9.1 33 1.8 3.7 L5 111 .8 6.9 1 21 a6l 2} 10 Ml e 94 3|10
372 09/30/65 324 7,38/ 66f 8.6 87 4.1 7.3 .7 190 1.4 12 1 2 el 2} 09 o3l 1as 158 3{1s
381 10/26/6% 271 7,qzl 67] 13 46 1.9 8.0 8] 152 1.6 1”2 1 2 el 0413 RU 159 1124 o] 7
383 10/14/63 274 7.8 ~=| T2.°% 35 7.8] 10 1.4] 144 2.4 15 {0l 21.mf 1) m o1 155|118 . ol 1
388 10/14/63 374 7,428/ 671 u8 40 16 8,71 9.2] 208 .6 22 . R 061 1 .03 01 237 168 ol n
390 10/21/83 129 6.8 s/ 671 5.2 17 1.8 5.7 .8 50 5.2 1 ot 2 | 08 0] 14 02 71 48 al 6
396 11/00/684 445 7.9 --1 22 40 17 16 204 .6 Kk N R Kl R .48 K 249 | 166 o 10
397 11/10/64 522 a.0 --| 27 39 24 22 18, 243 K 7 N 1 1.0 1 96 Lot 297 {196 o} 18
398 13/10/64 422 7.8 -1 21 42 12 14 17, 190 1.4 as N 0 0 .1 .25 .0¢ 236 {153 ol 18
. 3989 11/10/64 830 7.7 -} 29 45 21 24 19, 244 1.0 19 K .0 2] (22 .00l 308 |200 ol 17
400 11/00/684 335 8,0 -~1 29 38 23 24 20, 247 .2 50 R 0 o 2| .87 ,00| 308 [200 of 7
409 10/22/64 675 7.8 67| 43 87 13 28 17 354 8 1] K4 1 0 3] .42 o0 428 1274 of 25
408 10/19/6% 490 7.54/ 68 - 82 6.0 - -] 272 - 27 P .- ] -=1 .60 01 - [ 229 8l --
407 10/22/684 419 7.6 67| 43 33 21 14 18, 221 K] a4 .2 gl al .18 Lo 273 ]170 o} 10
409 02/07/63 397 7.7 =1 40 30 22 6.8117, 207 8 20 2 [T 21 .13 0ol 239 |187 o}l s
* 410 02/08/63 938 7.7 68| 34 46 24 #6 20 223 7.6 | 163 2 1.1 0 24 .as .o 493 {215 32} s
-
411 02/08/63 419 7. 66} 32 65 3.6] 15 1.8 208 4.0 26 N v 0 a2 03 249 178 10f 3
412 10/11/6% 1440 7.3 8/ 68| 22 60 16 197 18 195 1.6 [ 360 | .2 . os) 2} .52 021 71t | 217 57] 10

a/ Field pH meter value.




QUALITY OF WATER

concentration of hydroxyl ions. A water having a pH.v&lue greater than 7 ig
referred to as basic; that is, the concentration of hydroxyl ions exceeds the
concentration of hydrogen ions. Conversely, if the pH ir less than 7 the hy-
drogen ions exceed the concentration of hydroxyl ions and the water is said
to be acidic. Inasmuch as the pH values are the numerical change to the log-
arithmic base, a water with a pH of 3 is ten times as acid as water with a pH
of 4, and conversely a water with a pH of 9 is ten times as basic as a water
with a pH of 8. The pH values are important indicators of the corrosive po-

tential of ground water. Acid waters generally are more corrosive than alka-
line waters.

The pH of ground water was determined by the author using a pH meter
calibrated by standard buffer solution before each measurement. The water
was pumped until its temperature stabilized, and then it was conducted by
closed system to the pH cell. Most artesian water in the county had a field

pH slightly greater than 7.0. The pH of waters that remained in sample bottles
for several days ranged up to 8.2.

TEMPERATURE

The temperature of most water samples from New Hanover County ranged from
64 to 66°F. The average annual air temperature at the Wilmington weather sta-~
tion 1s 63.8°F for a 30-year period of record. Higher temperatures noted in
table 2 were caused by warming of the water by the sampling pump or while in
above-ground storage tanks. The higher temperatures of water from wells 87

and 347 are related to the relatively great depths to the aquifers at these
wells.

SILICA (SiQZ)

Silica in ground water is derived from the weathering of silicate minerals
that are common in the Coastal Plain materials. Excépt when present in high-
pressure boiler feed or steam-turbine water, high concentrations of silica in
ground water are not objectionable for most industrial processes. The concen-

trations of silica range from 4.1 to 45 mg/l and are highest in water from the
limestone aquifer in New Hanover County.

CALCIUM (Ca) AND MAGNESIUM (Mg)

Compounds of calecium and magnesium are abundant in the limestones, marls,
calcareous sands, and sandstones in the county and impart most of the hardness
to the water. The ions of calcium and magnesium are similar in chemical reac-
tion insofar as most water uses are concerned and are considered together in
this report. Circulating acidic water dissolves calcium carbonate and carries
{t in solution as calcium bicarbonate. The quantity in solution 1is directly
related to the carbon dioxide content of the water. The reaction is reversible
80 that where carbon dioxide is being released, such as at the screen and well
head where there is a decrease in pressure, calcium carbonate is redeposited.
In one well near Myrtle Grove, carbon dioxide (identified by chemical test) is

occasionally released in sufficient quantities to cause cavitation of a 1/2-
horsepower centrifugal pump.

¥ The calcium and magnesium concentrations of well water in New Hanover
' County are given in table 2.
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GEOLOGY AND GROUND-WATER OF NEW HANOVER COUNTY

SODIUM (Na) AND POTASSIUM (K)

Concentrations of sodium and potassium in New Hanover County are low in
ground water, except in wells 300 feet or more in depth, and in shallow wells
near the coast. Along the sounds and beaches brackish water contains rela-
tively high concentrations of sodium as well as chloride.

Water containing as much as 50 mg/l of sodium and potassium may be used
for most domestic purposes; however, greater concentrations may cause foaming
in high-pressure boilers. Sodium and potassium do not impart a noticeable
taste to water in concentrations of less than several hundred milligrams per
liter.

BICARBONATE (HCO., AND CARBONATE (C03)

3

Ground water in New Hanover County is principally the bicarbonate type
with calcium and magnesium as the dominant cations. Where the chief cations
are calcium and magnesium the water is usually hard. As demonstrated by water
from well 87, the sodium ion is sometimes exchanged for the calcium and mag-
nesium ions to produce a soft sodium bicarbonate water. This ion exchange
principle is used in the zeolite softeners for domestic and industrial water
supplies.

Bicarbonate has little effect on the domestic use of water, but it may
cause foaming and scale formation in some industrial uses.

SULFATE (SOA)

Sulfur-bearing minerals such as pyrite and marcasite are present in the
sediments beneath the county. These minerals, and the calcium and magnesium
sulfates frequently associated with shell and }imestone beds, are soluble in
ground water. Sulfate is also contributed to rainwater from airborne salt
spray and industrial pollutants. Except in the deep test holes (wells 87
and 347), sulfate in water tested in the county did not exceed the U. S.
Public Health Service recommended limit of 250 mg/l. However, sulfate may
be reduced by bacteria and decaying organic matter to produce hydrogen sul-
fide and sulfur. The gas, hydrogen sulfide, a common nuisance in coastal
counties, has an offensive rotten-egg odor; and when dissolved in water,
forms a weak acid and imparts a characteristically disagreeable taste. The
odor of these reduced waters can usually be remedied by chlorination to pre-
vent bacterial growth. The effectiveness of both aeration and chlorination
in the removal of H,S is dependent upon the pH of the raw water.

CHLORIDE (Cl1)

Small amounts of chloride are available from the decomposition of igneous
rocks. However, the original source of most oceanic chloride is probably from
volcanic gas and hot spring emanations associated with volcanic activity.
More than 90 percent of the dissolved solids in the oceans are chloride salts,
and the chloride ion concentration ranges from 19,000 to 20,000 mg/l in sea
water. Chloride salts are incorporated within the porous sediments when they
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are deposited or submerged beneath the ocean. Airborne salt spray also con-
I tributes chloride to the aquifers in coastal areas (Wait and Callahan, 1965),
The rate of flushing of these aquifers by fresh water depends on time, the
hydraulic head, and the composition of the flushing water.
I Chloride concentrations are less than 40 mg/l in waters from the water-
table aquifer. Chloride concentraticn is less than 20 mg/l in the limestone
aquifer (fig. 18), except along the estuaries and sounds where it ranges from
l 50 to 400 mg/l due to lateral encroachment of brackish water. Encroachuent
. of brackish water is a problem, especially where dredging of the Intracoastal
) Waterway along Middle Sound has breached the permeable Castle Havne Limestone.
Chloride concentration in the sandstone aquifer (fig. 15) is less than 50 mg/l
l evervwhere within the interior of the county at depths oI less than about 200
feet. Except in areas of heavy pumping, chloride concentrations in this aq-
uifer along the sounds and at Wrightsville Beach range from 50 to 260 mg/l.
I No information is available from the southern end of the county where the
sandstone aquifer lies below a depth of 200 feet. In test wells 87 and 347
the chloride content of the water is about 3,000 mg/l at a depth of 300 feet
and more than 8,000 mg/l at a depth of 600 feet.

The U. S. Public Health Service recormends that the chloride content not
exceed 250 mg/l in water used for domestic and public supplies. The chloride-
contamination problem is further discussed in a following sectiomn.

FLUORIDE (F)

Fluoride in ground water is due to the solution of fluoride-bearing
minerals such as apatite, fluorapatite, the phosphates, the micas, hornblende,
and organic matter such as shells. The micas, phosphates, and shells are

prevalent in the sediments of the county and probably contribute most of the
fluoride in the ground water. ‘ 3 ‘

Fluoride in concentrations between 1.0 and 1.5 mé/l in drinking water
aids in reducing tooth decay in children. In concentrations greater than
1.5 mg/1l fluoride may cause permanent mottling of the teeth (dental fluorosis)
when used by children (Maier, 1950, p. 1120-1132. Fluoride concentrations

averaged 0.2 mg/l and ranged from 0 to 0.5 mg/l in all ground water tested
in wells as much as 200 feet deep.

NITRATE (NO-)

Nitrate in ground water is generally considered to be the final oxidation
product of nitrogeneous (organic) waste. A nitrate concentration in excess of
3.0 mg/1 generally would indicate a nearby source of pollution. Shallow dug

-wells and well points are most often subject to pollution from sewage, fertil-
t {zers, and polluted surface waters.

. The so-called "blue-baby" condition is a possible hazard when water con-
» ‘éﬁtllning nitrate concentrations in excess of 45 mg/l is mixed in feeding for-
S  ™las. VWater from all but one of the wells tested in the county had nitrate
l’ 2. ; Concentrations less than the U. S. Public Health Service recommended maximum
B®f 45 mg/1. Well 115, which draws water from beds of permeable sand, is prob-
4 contaminated by nitrogen fertilizers,
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-~ PHOSPHATE (PO,)

Phosphate in ground water may result from the solution of apatite or
phosphate fertilizers. Phosphate concentrations in ground water tested in
New Hanover County were below 0.4 mg/l.

ALUMINUM (Al)

Aluminum is a very common element in the earth's crust. However, high
concentrations of aluminum are not common in ground water because this metal
is only slightly soluble in water under the conditions that prevail in New
Ranover County. Aluminum concentrations in ground water tested were below
0.5 mg/1.

IRON (Fe) AND MANGANESE (Mn)

Iron in excess of 0.3 mg/l is objectionable for manv uses. Excessive
amounts of iron and manganese impart a reddish-brown color to utensils,
plumbing fixtures, and laundrv. It also interferes with dyeing and the man-
ufacturing of some products, such as paper and photographic film.

Excessive iron concentrations are common in water in the shallow sedi-
ments in the county. The shallow ground water generally is more corrosive
than deeper water. Oxygen and carbon dioxide are the principal constituents
of ground water causing corrosion. As the shallow water moves downward
through the soil and other sediments, the oxygen is used up in the oxidation
of organic and inorganic matter; the carbon dioxide reacts with carbonates to
form bicarbonates.

it is not always apparent whether the iron is in the water as it enters
the well, or whether it is dissolved from the well casing and pipes. It is
important to determine the source of the iron,;whether dissolved from the
rocks or the pipes, before methods for its rempval are employed.

Iron concentrations in the water sampled are generally more than 1 mg/l’
from wells in the water-table aquifer, between 0.3 and 4.0 mg/l for water
from the limestone aquifer, and less than 0.3 mg/l in the sandstone aquifer
in areas along the Atlantic coast and the Cape Fear and the Northeast Cape
Fear Rivers.

The chemical behavior of manganese in water resembles that of irotn.
However, since manganese is much less abundant in rocks, its concentrations
in ground water are generally lower than iron concentrations. The U. S.
Public Health Service recommends that manganese not exceed 0.05 mg/l in
drinking and cooking water. Ninety-one percent of the water samples analyzed
for manganese contained less than 0.05 mg/l. Manganese ranged from 0.0 to
1.5 mg/1 in ground water in New Hanover County.
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DISSOLVED SOLIDS

Total dissolved solids are the residue after a given volume of water h¢
been evaporated and dried at a definite temperature (180°C by the U. S. Geo-
logical Survey methods). Computed dissolved solids are equal to approximately
one-half the bicarbonate plus the sum of the other chemical constituents in

milligrams per liter. Computed dissolved solids are used in the report, up-
less stated otherwise.

The U. S. Public Health Service recommends that dissolved solids in publjc
water supplies not exceed 500 mg/l. Except in cases of chloride contamination,
dissolved solids are less than 500 mg/l in ground water in New Hanover Countvy,

HARDNESS

Hardness of water is usually recognized by the increased amount of socap
necessary to form and maintain a lather. Hard water is objectionaple not only
because of its scap-consuming properties, but also because it forms scale in
boilers and, to a lesser degree, encrustations in cooking utensils. The
principal ions that produce hardness in ground water are calcium and magnesium,

which have been discussed in a previous section. The following classification
of water hardness is used by the U. S. Geological Survey.

Hardness as CaCO

(mg/1) 3 Classification

0 - 60 Soft water

61 - 120 Moderately hard water
121 - 200

Hard water

More than 200 Very hard water

Figure 14 shows the areal distribution of the hardness, in the sandstone aquifer.
Most of the water in the county with the exception of “that from the water-table

aquifer would be classed as hard to very hard water of the calcium-bicarbonate
type.

Hardness in excess of that equivalent to the carbonate and bicarbonate
present in the water is referred to as noncarbonate hardness.-

OCCURRENCE OF SALTY WATER
AND ITS POSSIBLE ENCROACHMENT

In New Hanover County it is important to know where the salty water occurs
in the ground as well as in the major rivers so that fresh water can be devel-
Y. oped without encroachment of salty water. The county is underlain by aquifers
% containing brackish to highly saline sea water. The overlying reservoir of

% fresh water exists in dynamic equilibrium with the underlying and surrounding
" salt water,
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The contact between fresh water and the underlying salt water lies within
the Peedee Formation everywhere in the county except in the limestone near the
sound at Porters Neck. The upper part of the Peedee contains fresh water,

The data from several deep wells indicate that saline water progressively
increases in chloride concentration to basement. Figure 6 shows the general
configuration of the top of a sand bed in the Peedee Formation that contains
more than 3,000 mg/l chloride, and indicates that the top ranges from about
180 feet below mean sea level in the western part of the county to about 340
feet below sea level in the eastern part.

The chloride and other pertinent data from two deep test wells drilled
during this investigation and the available data from all previously known ex-
ploratory wells are summarized below in table 3.

Table 3.--Surmary of deep test well data

‘Tepir 2
; sasyiv
1 DJate aeil below msl H
Name ; Drilied Ne. | (fr) Forzation | (R T (43

Temper-
ature ‘
re°l)  (*F) } pE Resares

~ B
Olsen, near . 1963 87 278 Peedee : 32 18

L3852 ev.5
Murravsville . ! 557 feedee

H
-3 8,750 [-}] ;
Edwards , atout B 1965 . 3e7 360 Feedee 22 12 s.380 68,3
2 miles W cf i 295 Feedee : 3.3 70
“yrtle Srove

o
- w

wrighesville : 1933 © Is2 238 | Teedee ' z

© e : C3rown, 1933
Beach : ; aso Peedee . . 1,000- - |
Allfed Kennecot : ’ 32 29 Peeder i ' Brazkisnt water
: . resorted
i ) R
Carolina Power . SNear 380 Peedee 8 ) Zrackish water
& Light ' 8 i redorted
Swart Dairy I 37 335 Peedee 335 ' 28 3,000
H arprox.
Fore Caswell 1903 - } 1,530 | Tuscaloosa : , 5,000~ 89 " Saltr froe 365

i . ‘ 3 i te 1,540
1905 Sear 250-118 Peedee . 20  Noniloving :
£15 318350 Peedee : 0 | Flowing i

Carolina Trucking

: Reported saltv,
Development €o.

Clark and
i others, 1912

Saline waters from these aquifers are possible sources of bromine and
other rare salts. Too, the chloride-total hardness ratios in these waters
are such that they possibly may be used to regenerate sodium cation water
softeners. With suitable noncorrosive plumbing, their high temperatures
could be employed for heating. There is a possibility that these aquifers
could be used for disposal of industrial wastes.

Ocean water lies everywhere off the county's eastern shore and moves
with the tides up and down the Cape Fear and Northeast Cape Fear Rivers and
most of the larger creeks. The distance traveled depends upon the volume of
downstream flow and the height of the tides. The denser sea water moves
wedge-like along the stream bottom, and the fresh water flows out above it;
however, turbulence causes some mixing along the salt-water interface. Where
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infiltration occurs, the quality of water from wells located near the ocean
and river estuaries is dependent on the salt content of the water that in~
filtrates and the proportion it represents of the water pumped.

The position of the salt-water interface beneath New Hanover County de-
pends upon the height of the fresh water above sea level and the density of
the sea water. Due to the difference in density between fresh water and salt
water, fresh water floats upon salt water much as o0il does upon water in ac-
cordance with Archimedes' principle. In a small land body composed of ho-
mogeneous sand and surrounded by water a reduction in the fresh water level
of one foot will theoretically cause a corresponding rise in the underlying
sea water of 40 feet. Although exact conformance with the above principle
does not occur in New Hanover County or in most coastal aquifers due to dif-
fusion or mixing along the salt-water interface (fig. 21) (Kohout, 1961, and
Cooper and others, 1964) variation in vertical and horizontal aquifer per-
meabilities, and incomplete encirclement of the county by sea water, a small
decrease in the height of the fresh water above sea level may result in a
much larger upward movement of the salt-water interface. Thus, a reduction
in rainfall or an increase in the withdrawal of water by pumping, swamp

drainage, or dredging reduces the hydrostatic head and results in a corre-
sponding encroachment of the salt water.

Figure 21.--Diagram showing the circulation of salt water and .
fresh water in a coastal aquifer. (Include credit in title).
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Figures 15 and 18 show that the chloride concentrations are greater in
"the vicinity of creeks, sounds, and estuaries where the hydrostatic head
approaches zero. This is shown also at Kure, Carolina, and Wrightsville
Beaches where the hydrostatic head has been lowered by pumping. The result
has been a slight upward movement of salt water or lateral movement of sea
water from the ocean and estuary, or both. Where lateral encroachment of
saline water occurs in the shallow aquifers, such as along the Cape Fear River
and the sound at Porters Neck, entrance of salt water to the well may be pre-
vented by extending the well casing through the contaminated zones and de-
riving water from the fresh zones below. Vertical encroachment can be con-
trolled by well-field design and management practices that decrease the draw-
down of the water level and spread the cones of depression over a wider area.
Proper practices include pumping more wells at lower rates and using multiple
well points and infiltration galleries for shallow installations.

Although chloride contamination is not a serious problem in New Hanover
County, the fact that it can happen is borne out by the increased chloride
content of the Wilmington wells pumped at high rates during the drought of
1940, and by the recent increase of chloride in wells 342 and 257.

Data are insufficient for making quantitative determinations. of safe
yields for wells in the several aquifers at any specific point in the county.
In areas of heavy pumping it is advisable to monitor the chloride content of
the water at the point of pumping and in surrounding observation wells. This

method is being used by the Superior Stone Company for advanced warning of
contamination.

The quality of ground water near the rivers may be influenced by the
quality of the river water. Chloride concentrations and other chemical data
collected by the U. 5. Geological Survey on the Cape Fear and Northeast Cape
Fear Rivers are given in Bulletin 1, volume 7, of the North Carolina Depart-
ment of Water Resources (Woodard and Phibbs, 1965). A typical chemical anal-

ysis of sea water is given in table 4 for those‘ﬁonstituents that occur in
excess of 1 mg/l.

" Table 4.--The composition of sea water

Concentration
Constituent - - (mg/1)

Chloride (Cl)...cievvenssascoessnnacanasnssnss 18,980
Sodium (Na)..-..-.........-.........-...-...-. 10,560

Sulfate (804)...................\............. 2,560
Magnesium (Mg)..ceeeescoasscoasecasoccascscans 1,272
Calcium (Ca)eeeeessvcasceasacrcanceasasacannss 400
Potassium (K)eeeesoecenseccooosasarseconcasonses 380
Bicarbonate (HCO3)eeeceeecocecencncecnnccsanss 142
Bromide (Br)eeeeessoceescovessosceaosonsosscnsns 65
Strontium (ST)iceceeecrovcrsssssccasvosansoscss 13
Boron (B)ecveesecosvaccccnsnsassscscensnssosonns 4.6
FIuoride (F)ueeveeuieeneccesesoeacacscssscasonees d.4

(Adapted from Rankama and Sahama as given in Hem, 1959.)
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Existing privately owned wells and test wells drilled for or by the
U. S. Geological Survey were the source of most of the data used in this
report. Data for these wells are given in table 5 at the end of the report.
The 6412 wells inventoried are numbered horizontally across the map of the
county and are shown in figure 3.

The well data indicate that problems encountered in obtaining adequate
supplies of well water of good chemical quality may result from inadequate
well construction. Wells frequently have a low specific capacity because of
poor construction or development methods, and theyv may produce water of unde-
sirable chemical quality because they tap the least desirable of several
aquifers. The following section on well construction, adapted in part from

Wyrick (1966) is included to help minimize some of the problems by improved
well design.

Water-well construction is usually governed by the owner's water needs
and the cost of the well. As the owner must determine what his requirements
are, the following discussion describes the various methods of well con~
struction and the advantages and disadvantages of each. The types of wells
constructed in New Hanover County are shown in figure 22. These wells fall
into three categories; bored wells, driven wells, and drilled wells. In

figure 22 diagram A is a large dug well, the next one (B) is a driven well,
and - the others shown are drilled wells.

Where large quantities of water are needed for irrigation, ponds are
frequently dug and used as wells., The chemical quality of the water is com-
parable to that from shallow driven wells. Infiltratiqn galleries and mul-
tiple well-point installations also may be constructed’where domestic needs
preclude the use of open ponds or where caving is a prdblem.

Driven wells are constructed by driving a length of steel well casing
with a pointed drive-screen into a sandy water-bearing zone. The well is
developed to clear the finer sandy material from the screen area and then
equipped with a pump. Driven wells in New Hanover County are usually 1-1/4-
to 2-inches in diameter and less than 30 feet in depth.

Several types of drilled wells are constructed in New Hanover County.
Among these types are: open-end wells, single-~ or multiple-screened natural-
development wells, and the single-~ or multiple-screened gravel-pack wells.

Multiple-screen wells may also be naturally developed, but none of this type
were found in the county.

Well C in figure 22 illustrgtes the open-hole type of well. This type
is constructed by drilling into consolidated rock, such as the Castle Hayne
Limestone, and setting a steel casing in the top of the consolidated reck.
Usually the well is then deepened to the sandstone aquifer of the Peedee
Formation and cleaned by pumping. This type of construction is restricted
to areas which are underlain by materials sufficiently consolidated to insure
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Figure 22.--Diagram showing types of wells constructed
in New Hanover County.

that the hole will remain open belcw the bottom of the casing. This is the
most common type of comstruction for domestic wells in.the county.

The screened naturally developed well is illustrated by diagram D in
figure 22. This type of well is constructed by drilling into a sandy aq-
uifer and setting a steel casing with one or more screens on the lower end
so that the screens are in the sandy aquifers. The well is developed by
washing fine sand and clay particles from the aquifer around the screen. In
this method of construction it is important that the screen openings be large
enough to allow about 50 to 70 percent of the fine sand in the aquifer to
wash into the well. 1In developing the well by pumping and surging, the fine
material of the aquifer is washed out of the well and the nearby formation,
leaving coarse, more permeable material packed around the screen. Common
problems in this type of well construction usually include (1) poor well de-
velopment due to improper screen size or insufficient surging and pumping,

and (2) setting the screen so that part of the screen openings are blocked
by clay layers.

Screened gravel-packed wells are illustrated by diagrams E and F in fig-
ure 22, This type of well is constructed by drilling a hole through vne or
several aquifers, reaming or washing a large diameter hole in each aquifer to
be screened, setting a casing with screens spaced in the casing at each reamed
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aquifer, pumping gravel into the large diameter holes outside of the screens,
and developing the well to remove drilling clay and fine material from the
gravel zones. The gravel packing effectively increases the radius of the
well in each aquifer. This, in turn, increases the specific capacity of the
well. Generally, only municipal or industrial wells are constructed in this
manner because of the greater cost.
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CONCLUSIONS

New Hanover County is underlain by sediments ranging in age from Creta~
ceous to Holocene. These sediments occur in layers most of which tend to
slope at low angles toward the Atlantic coast. They are composed of sands,
clays, and limestone, and lie on a floor of hard consolidated rocks at a
depth greater than 1,000 feet. A very large volume of water is stored in
the sediments of the Coastal Plain, but sediments below depths of approxi-
mately 300 feet contain water that is too salty for normal use.

The usable ground water in the county occurs in three major aquifers.
The uppermost aquifer is that of the surface sands, of Miocene and Pleisto-
cene age, that extend over the county. This aquifer is especially important
along the western edge of the county where sand dunes overlie coarse sand of
Pleistocene(?) age. This aquifer is replenished by precipitation directly,
and the water table is near land surface in much of the county. Water from
this aquifer discharges into streams and into low swampy areas and into the
underlying aquifers. Many shallow well points obtain water easily from this
aquifer. The water is low in mineral matter but tends to be corrosive.

Below the surface sand in the eastern, central, and northern parts of
the county is the Castle Hayne Limestone of Eocene age. This limestone is
in most places less than 40 feet thick. It yields as much as 600 gallons per
minute to a few wells, 150 to most, and is considered a good aquifer. Spe-
cific capacities of existing wells range from 3 to 60 gpm per foot of draw-

down. The water is of the calcium bicarbonate type, being moderately hard to
very hard in quality.

Underlying the Castle Hayne Limestone and separated from it by some rel-
atively impermeable clays is the sandstone aquifer‘i:ﬁthe Peedee Formation.
It yields 200 gpm to many wells and in excess of 400 to some; in most places
it is used in conjunction with the Castle Hayne Limestone aquifer. Specific
capacities range from one to 75 gpm per foot of drawdown.

Although each of the aquifers is to a great degree a separate unit, the
less permeable materials between the aquifers allow some interchange of water.
Heavy withdrawals from either the Castle Hayne or the Peedee sandstone aqui-
fers will tend to affect movement of water to or from the other.

The development of ground water on a large scale in New Hanover County
should be considered with care because of the possibility of encroachment of
salty water into the fresh-water beds. This encroachment may occur vertically
upward from beds containing salty water. Near the coast and along the Cape
Fear and Northeast Cape Fear Rivers lateral encroachment of brackish water

or sea water into the fresh-water formations is possible when the water level
is drawn down appreciably by pumping.

If heavy withdrawal is contemplated the following considerations may
prove helpful:
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1. A more detailed investigation of the local hydrologic
conditions is needed to determine the positions and
character of impermeable beds that could prevent or
retard encroachment.

2. Periodic determinations of chloride in water from one
or more observation wells that yield water from an area
between the producing wells and the salt-water body,
would be helpful in detecting increase in chloride
content. This would give sufficient warning so that
the rate of pumping could be decreased and an orderly
evaluation of the water problem could be made.

3. Properly spaced producing wells would prevent excessive
drawdown at the apex of the cone of depression.

4. The draining of swanmps in recharge areas would lower
the water table and have other effects upon the ground-
water reservoir.

5. Capping flowing wells in the county would help to pre-
serve the hydrostatic head necessary to prevent salt-
water encroachment.

6. Introduction of contaminants into the aquifer would
pollute the water supply.

7. Long-lived radiocactive waste would make the water
unsafe for generations. Plugging all abandoned salt-water
wells with clay or concrete (from the bottom up) would pre-
vent the contamination of fresh-water aquifers in the

event that corrosion causes eventual ruptute of the
well casing. ]

So long as care is taken to prevent the encroachment of salty water
into the fresh-water aquifers, a fuller use of the ground-water resources

can be made. The county has not yet approached an optimum development of
its ground-water resources.
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Table 5.--Records of wells in New Hanovor County, N. C,

Ownership: C-County; F-Federal Government; M-Municipal; N-Corporation or Company; P-Private; $-State agency; Use: A- )
C-Commercial; H-Domestic; I-Irrigation; N-lndustrlal, P-Public supvly. S-Stock supply; 1T- ln"lilnl lum]-gll Ul’:ustd Typ:‘:r(:(qsd:;;c;;};?g.
available: P-Partlal' C-Complete, LO(' data available: D-Driller’'s log; E-Electric log; G- jealoprst 1oy J-Gamma<ray log, Well “nf—h
‘GZGravel with screen; S-Screen; T-Sand pohxt, “X-Open hole. Quality of water: lron, pll, Chlaride, Hardoness, and Speeific conductanca arg
coded according to range in concentration. Explanation of Code given on last page of ublus. Aquilcr. Kpd-Pecdee; Toh-Castle Hayne;
TQ-Undifferontiated late Tertiary and Quaternary sands ————a2

o 1w 2 | “ s Quality
= ol - o 1] o v o of water,
- | Well location | @ MEHE IR ERRT Y REY el af . %
2 &8 Owner Alel S & ° |oal BS(7° e ol8 &5 Remarks
[ Hjo)] g © a - o] v | O e o~ oo ilo PR MY
P 3 [ o +» o Eﬂﬂ -l oo~ —~ ERINY vlo Pryps e
0] 8 g&.’ el 3 & | 87 [S13 58 |&8 48 |89 8)<]dla] =25
2| lar | lomg |aq 5]ol 314 |4 |B8|&|SA|£38] 22 aT={fdlslal =25 | _ o
1 ] 342216N | 0775403| 1]USGS F| u} plG 29 30! 2T 5 517{1]4(2] Kpd Temp. 65°F.
2 }342205N | 0775154] 1|SUPERIOR STONE | N| U J 50 2| x 5 5 2 Tch
3 :M"H7N 0775145}] 1}LEWIS NIXON Pl Bl p 60 1| x 25| 23 Tch
1 0775048] 1|IDEAL CEMENY N} N] C|D 160 v3 24| G 15 a0 Teh-Kin)
5 0775049 1{IDEAL CEMENT N Nl Cib 164 24| G 271 19 0 Tebh-Kpd
G 0775045] 1|IDEAL CEMENT Nl U 75 71X Teh-Kpd  fob.. et
7 | 342211N | 0775051] 1]IDEAL CEMENT N| N| c|D 160 24{ G 18 azo | oo Tech=-KpJ
8 |:#12200N | 0774930| 1|HARLEY SMITH o 40 1| x 23 i 20t nlal Teh
9 421308 | 0775008 1{J B WILCOX rl 1} plo 117 S1| 6| X 26| 29 125 #| oG] Teh-Kpa
10 | 342115N | 0775309 1{E NIXON pi 50 21| 21X 24| 12 Teh=-Kpd
11 | 342112N | 0775306] 1|W A PENDER SR Pl H as 1) x 23} 12 Tch-Kpd
12 1342111N| 0775329] 1|NEGRO BAPT Cl Pl T ﬁ"“ 26 1! x 23| 10 Tch
13 | 332133N | 0775353| 1|QUEEN TIRE SER | P| C 50 30| 2] x 19 0 00 2 Iilais| Kpa
14 |:#12116N | 0775402| 1|RAINBOW END MOT| P| C 50 G| 2| x 19] 11 a 116]3] Kpd
15 [312120N | 0775414] 1[JOIN LOREK pl 1 30 12 ) 4 X 13 8 HO Teh=-Kpd
16 | 342127N | 0775427] 1{JONN LONEK pl 1} P 21 4{ x 11 8 100 5t 111 6]4] Teh-Kpd
17 [@21208 { 07754480 1]1JONN 1OWEK p| N 14 1| x Teh-Kpd
18 10058 | 0775520 11w N JONES pi H KYAH <l x 14 7 2{ lojolz] Kpd
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6 ,~--Rocords of wolls in New Hanover County, N

C.--Continued
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: SHE LR L] (B e
« | Well location © b < ; [
2 ] Owner Bulal & |96 [Edal 3872 g ale L8 Remarks
® Mk} O s o F-} N0 o) Lo e & o~ 'pdl [=4 (e O he s
- 3 © « .y s--« -l - oo~ ~H ol g b U. Priire s
3 g Bl 8lx| 8 3|27 (5|58 (528 55 |2 olallsls) 523
N Lat Long | & 81315 3| & |& G R RER R i B 81 )
19 342045N | 07754041 1 |SMITH BARBER Pl H, P 40 11X G 101613 Xpd
20 342043N 1 0775402 1 |MELLO ICE CREAM| NJ C| P 10 30 | X 07101513 Spring flow 10 gpm
21 342030N | 0775427 1 [ST STANISLAUS PI TP 180 21X L] .0 5431 Xpa
22 342033N | 07754131 1 [WILM PACKING NjCj C 68 41X 18 80* 316{1(513] Kpd
23 342033N | 0775409 1 [WILM PACKING Nl Al C 21 6|X *15 9 1 216 ]|1] Tech
24 342033N | 0775326 ] 1 [REASOR CHEMICAL]| N| N DJ 150 30 (10 |G 22 9 400 175 2 Tch-Kpd ) screens between 30°'-120°
25 342045N § 0775336 1 |JREASOR CHEMICAL|! N| N D 148 31 |10 |G 8 Joou { 20 Ten-Kpd Screened 33°-148°
26 342034N | 0775323 | 1 |[REASOR CHEMICAL{ Nj U D 212 11 6 |X 22 11 Teh-Kpd Stratigrastdc test
27 342035N | 0775324 1 [REASOR CHEMICAL| N|{ N D 150 34 61)G 4 200 [ 121(5 2(6141 Teh-Kpd derevned 3 -133°
28 342025N | 0775245 1 {HENRY BAND Pl I . 69 26 21x 16 1 6] 121131 Tch-Kpd
29 1342028N ] 0775216 1|R D TARDUGNO r| H] c|G 60 20 | 21x 29{ 1n 30 516 11]6)3( Tch=-Kpd T n. €5°F
30 342C43N | 07752071 1 1A H PARKER Pl H 60 20 21X 29 0 7 116141 Ten-Kpd
3N 342012N | 0774925] 1 (USGS F{ U ~"{‘J 94 92 11T 33 7 Kpd Auper hole No. 6
32 342012N ] 0774925] 2}USGS Fl U J 42 40 17T 33 4 Tch Augetr hole Bo 6
33 342036N | 0774755] 1 |USGS Fl U J 75 73 14T 22 0 . Kpd fuper bhole No 45
34 342019N | 0774727 1]JOSEPH WENEUT P H| C 42 21X 40 9 ST Teh Temp. 66°F,
35 341948N | 0775147 1]|C LITTLEJOIN JR| P| H 50 21X ] D {31 Teh Muth fron reported
36 341933N | 0775205 1 |[RAEFORD TRASK Py 1 87 6]X 39 12 Kpd
37 341934N | 0775253 | -1 JARTHUR XAUFMAN Pl U 29 141X 28 4 Tch
38 341954N | 0775316] 1]|K E KORNEGAY pl H] C 58 52 21X 5{7'1116]3 Kpd
39 341959N | 0775312] 1{MR HILL P| H 52 24 21X 9 *100 Tch-Xpd
40 342015N [ 07753235 1{H A BRANCH JR Pl Hl P 40 21X 5 11613
41 3492001N | 0775431 1|3 C STRICKLAND PyuUt P 24 11X 21 7 7 Tch
42 342003N | 07754341 118 C STRICKLAND Pl H 90 Y1 231X 21 6 45 Kpd

* Estimated,

! pH moasured in field,
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Table 5 ,--Records of wells in New Hanover County, N, C,--Continued

g‘ 2 n E L. ] ~ ~Dh Qunlity
. Well location [ ] 'D‘. E z o :-: §'~ 1 za %% a of wat:r‘ b
2] - Owner ] 9 =] I ~ °C 13 4]l 372 B e LE Remarks
[ Wl O 5 he] Eel F-X 1 ol ] ¥~ | Lo g~ |os alo O k&
- 3 L] L A Het| ] wt 0 O~ - g. sol o viv oo
o g Bl olwl § Y e A7) Bl UG 1 S8l & |88 Clxlal5lel w2E
P Lat Long 13 HEIE R A- N - A {al <€ jroa 5O )alWG0|Rw] =23 ) L
43 342010N [ 0775441 | 1 J W SAVAGE P|H| P 44 21X *21 5 *Go 6 1 11 (2 [Teh-Kpd
44 342017N (07754361 1 P’ 8 CAMERON Pl U 40 41X 8 Kpd
45 [342018N [0775441| 1 J 8 CAMERON P|U 179 4 |x 8 KEra Kpd
46 [|342018N [{0775445)| 1 J S.CAMERON Pl H 55 1 i{x KRB aH Kpd
47 |342007N 10775504 | 1 HUGH OOSTERWYK | P| I 71 3 {Xx 21 6 Kpd ,'
48 342000N | 0775524 | 1 HUGH OOSTERWYK PII(P 74 8 {X 21 4] 2 16 |1 |Kpd
o 49 (341936N [ 0775527 1S J SZCZERBIAK | Pl 1t 100 11X 25 1 4 216 13 Kpd
B 50 341926N | 0775658 ] 1 hSGS FlujcCilcJ 54 52 21T 34 A {70 14 12 (Xpa Obs , % . 5%, tpooy L322
51 341928N | 0775939 ] 1 [USGS FlUj|ClGJ 18 416 1T 18 15 [{] Voo 19 Obs., £4, ¢ &
52 |341957N | 0775957 | 1 USGS F{ U J 38 36 24T 7 n
53 341932N | 0780127 1 JUSGS FlUujCJG 20 18 2T 3 1 Ao )
54 341832N | 0775904 | 1 |USGS FlU GJ 65 62 23T 17 1
55 [341910N | 0775634 | 1 |USGS Fl U GJ 75 73 21T 39 : Kp1 [ A R )
56 341919N | 0775526 ] 1 |[JOHN G OWENS Pl - 40 11X 25 7 Kpd-Tch
57 341847N | 0775531 | 1 [MAGGIE L ALLEN P|H 416 11{x 8 Kpd
58 341844N 10775524 ] 1 |ST JAMES AME CH| P| T] P 54 21|Xx 36 10 i 613 [Kpal
59 341912N { 0775510 | 1 [US DEPT OF AGRI| ¥| 1 ) 45 35 31X 5 100 G O 15 |3 i Ten
60 341920N {1 07754581 1 {US DEPT OF AGRI| Fl U] ={J% 31 31X 35 5 ™ [T BT S SECPR B |
61 341839N | 0775352 | 1 [RAEFORD TRASK rPiu 27 1|7 a5 5 ™
62 341918N | 0775303 | 1 |PAULINE CORE pln 72 21X 24 G Kud
63 341904N § 0775208 | 1 [RAEFORD THASK Pl J 119 41X K1) 11 Kpd
61 311912N | 0775153 | 1 |[RAEFORD TRASK P11 61 41X 10 4 * 100 Kpd
65 341845N | 0775153 | 1 [RAEFORD TRASK Pl J g8 84 6 |X a8 8 + 2560 Kpd
66 34185GN | 0774628 | 1 {E C BRINKLEY PILHYIP 14 36 1 X 48 11 116 1213 ™

* Estimated, pH measured in field.
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Table 5 ,--Records of wells in New Hanover

) )
= g I
. | Well location ® B ; al o
2] g £ ~| &
= o Owner HE I S S
a 2 gl of ¥l w
2| tat | tome |8 Elalsl S
67 341902N | 0774617 | 1 {USGS F| U GJ
68 341905N | 0774618 1 [J C WELLS Pl H
69 341913N | 0774615] 1 |J F SWAN SR P K
70 341911N | 0774611 ] 1 }J F SWAN JR pyuj|c
71 341816N | 0774458 | 1 |[RALPH MOORE PIH
72 |341819N | 0774450 | 1 [HARRY L SMITH Pl H
73 341754N | 0774440 | 1 [MR ORNESBY | L I ] JD
74 341753N | 0774441 ] 1 |t G JOINSTON Pl Uy P
75 341747N | 0774444 ( 1 |k E CASTEEN piuyp
76 341743N | 0774611 { 1 [COR-DAVIS MOME { N} T[ P
77 341738N | 0774634 | 1 |JOUN F MURRAY Pl H{P
78 341755N | 0774628 | 1 |[C E RIVLENBARK Pl p
79 341820N | 0774646 | 1 [C E RIVENBARK PRI J
80 341800N | 0774714 | 1 |R D DREW JRi pl M
81 341741N } 0774655] 1 |W J WILSON piu|lr
82 341731N 10774704 ) 1 (W J WILSON Pl
44 341738N { 0774752 1 [A L. SOUTHERLAND| P| N
84 341722N | 0774803 ] 1{G P WILSON Pl U
85 34174G6N | 0775048 | 1 |JJOHN D MURRAY PlHIP
86 |341745N | 0775123 | 1 [JOHN D OLSEN plH|C
87 |341741N ] 0775123} 1 lUSGS F{ujc
88 341722N | 07752231 1 JALEXENDER WEIDE| P N
89 341817N | 0775414} 1 JusGs Fl U GJ
90 13417348 | 0775406 1 1 [RARFORD TRASK Pi 1 J
d.

* Estimated,

pH moasured in ftiel
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at emmemte B

Table § ,~--Records of wells in New Nanover County, N, C,~-Countinucd
o I s T-u . i Quality
P R ] [ © o~ |®0O ol water
. ¥Well location ° = g o« & P vy |37 5] “[wl] ] w
2 8 Owner alal el & ~ oo (84|88 @ 5 a1 LE Remarks
© |lo|l gl v g Do loe e~ (e v- U |0 ot o
ey 2 [ o > ey | ot | e [T LA BT s alu Pripe
~ o aj el o [+ 0, 5\. ;] "9) Lpon ANRN ECOM] O PO I 123 Y oo
. Lat Long A 8138 3 a4 alm=as teeal SX s eEgIElm =2° _ i
91 | 34171IN | 0775401 1 [RAEFOND TRASK rl 1 J 90 81x 28 400 1712 618 Kpd Voo, 65°F.
92 341724N | 0775436 ] 1 |[CORNELIUS MOORE| Pl C 21 19 1|7 34 2 n
9 441720N | 07751431 1 {USGS Fj U GJ 130 124 17T K1) 11 Kps)
94 W11722N ) 0775448 ) 1 |J C LONG PN G 55 51 2148 Ki) K] 120 ! [ RER T RN
95 341753IN | 0775131 1)J L SMI'TH Pl J 62 21X i 13 Teh-Kp
96 341758N | 0775458 | 1 (REED SMITH SRt Pyl p 55 42 21X 30 1 7' | ST
97 341818N } 07754591 1 |SWART SONS INC | N U] P 367 309 81X 15 1 il N Kyl Te ¢ (1%L, %1 22,
& 98 341815N | 0775512| 1 |A D COX pl 1 63 4{X 28 14 50 Kyod
oa $41816N | 0775516 1]A D COX PR 15 1T it 11 n
100 349175498 | 0775507 1 |G yLorr AN 70 52 21X Ki3} HJ Ky
i 331754N | 0775512 1 |[TINGA NURSERY pl I 80 a5 14X 42 jont i ity Epd
102 H11806N | 07755301 1{E M STANLEY P upp G7 21X 120 8 4100 v Pl d)] Kp!
101 3411738N | 0775532 1|C R WATTS Pl U 20 27 1| 234 12 ™
104 341755N } 0775612 ] 1 {ROY BROWN Pl 26 29 1|7 26 20 N LTI T RITH B T
105 341811N | 0775630 1{E N TINGA plu 28 26 1T 26 10 gLyl
106 | 341753N | 0775836 | 1|USGS Fl U GJ 57 47 218 14 m
107 [ 341700N | 0775921 1 jUSGS Fl U GJ 50 17 217 1 , 13
108 | 341705N | 0775902 | 1|CAROLINA vower | N| NI &b X 33 {10 ]G 8 9 dRO {7 0 Kpd=10 TRV & A I
109 341706N | 0775849 1 [CAROLINA POWER N} N 55 10 |1 G 12 Kpedl I9)
110 | 341701N | 0775831 1[USGS Fl U GJ 57 51 21T 14 Iy
111 341706N | 0775748 1]|USGS . ¥| u| C|G 56 53 214iT 20 {7 [lolo] Kpl-1?
112 | 341651N { 0775738 UICAROLINA NI''RO | N{ N ] 84 56 8)G 41 b U Kp-1-1T4¢
113 341642N | 0775734 4 |JCAROLINA NITRO N[ N} PlJ G5 30 81|G K} 2 RITLEN BN RN KpJd-"ny
111 3416348 1 07757321 1]CAROLINA NITRO | NI N D 60 10 81G 21 K] 200 115 Kpd-1y
* Estimated, '‘pH measured in ficld.
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Table 5 ,~--Records of wells in New Hanover County, N,

) Sl w ™
= | o
ol «| v o
o | Well location b 2Pl a8 ho!
= s Owner n|9] 8| 3] =
L) <) [ o &
o o glel ] w» )
M Lat Long 3 5 3 & 3 A
115 |341631N | 0775721 ] 1 |CAROLINA NITRO | N] N| C|D 72
116 341G19N | 0775741 | 1 |[JOHNNY MALPASS Pl H| P 25
117 [341619N [ 0775727 1 [SWIFT AGRI CHEM| N| N 55
118 [341609N } 0775719 1 |ROBERTSON CHEM ) N} H 21
119 341605N | 07757181 1 |[ROBERTSON CHEM Nl U 47
120 341558N | 0775719 | 1 [HORTON 1RON MET| N| H 20
121 341558N | 0775713 | 1 |[HORTON IRON MET| N| N 40
122 341G13N | 0775609 | 1 |GROVER SCOTT Pl H 60
123 341623N | 0775604 | 1 [FRED TOWNSEND P H]C (14
124 341706N | 0775544 | 1 (W F INGOLD Pl U 20
125 3416G4GN | 0775524 | .1 [EDGAR MCKOY Pl H D 75
126 341644N | 0775517 1 |M K MALPASS | L 1) 78
127 331624N | 0775452 1 [NEW HAN AIRPORT| M U' ufkm 89
124 341623N | 0775455 1 [NEW HAN AIRPORT| M| P 105
129 34161GN | 0775505 | 1 ]NEW HAN AIRPORT| M| P 102
13 3-41G0O5N | 07755231 1 |PILOT FRGT INC N| C 75
131 3115508 { 0775355) 1 {ADC DIS COMPLEX] F| P} C
132 341545N | 0775339} 1]ADC DIS COMPLEX] F| P 96
133 341G23N | 0775357 1{S H FEENSTRA Pl H| P 20
134 | 341628N | 0775357| 1|S H FEENSTRA pl1{C 113
135 |341629N | 0775351| 1S H FEENSTRA Pl 1 J
136 341622N {1 0775332 1|FRED A JORDAN Pl U 25
137 341G49N | 0775329 1 |DOROTHY PLOPLES| P| H| P 22
148 |1341652N 1 0775248] 11J N CORBETT plu 36

% Estimated,

‘pH measured in field.

Depth cased
(feet)
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17
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eIl MMM MM XX-IMXX SXSO80 pinich
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21
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_Water level
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i LSD)

[+4
20w

.
W

Lamdnow
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(gp=)
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» 100
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* 100

C,~-Continucd

i
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Drawdown

w

[41]

G

G
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.of water |
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[T
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T p. G651,
Spuecific cap., 34 gpa/fL.

?
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n,s
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Ilz.‘-
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Table 5 ,--Records of wolls in New Hanover County, N, C,~-Continucd

) ol S |- w lan Quality
= ol 5| @ 3 |3 3 |28 of water |
o ¥ell location [ "l | =™ o« - a~ |t 20 vy a wl 0
2 al  Owner Flwldl 8] 2 196 |84 387 22 algl 18 Remarks
@ tef 0f at w© o 20 lonn)l o~ e v~ oo sl o PR
— 3 © o [ Ll 5-4-1 Eal [T Rt B N = wf £ ulu Peire g
'; g' g g 1.3 ) 3‘ it vcv-g :9) :;hc:g: 33; ﬁ:g:—csn: e
= Lat long | w HEIRE _% 8 _3__ A L) <A |=va| &2 e |- apl=lml _*22 +
139 | 341649N | 0775249 1K £ LEWIS Pl H} C 121 90 | 2 |x 11 5 | *130 ai{7iu]5|3|Kpd Temp. 66°F.
110 |341G41IN | 0775240| 1 |G ¥ SHEARON P HL P 115 | 110 | 2| X 5| j0]5{3]Kpd
141 [341626N | 0775241 1 [HARRELLS BLDG N| I J 87 61X 20 4 6|7'l0]|5]| |Teh-Kzd 2 [1eap. €5°F.
142 |341G635N | 0775147 1 |[HERBERT NEWTON | P! H 21X 38| 19 s18lolslalkpa 2
143 |341629N | 0775139! 1 [RAYMOND MCKOY Pl H| P 20 17 {17 45 5 n
144 |341G10N { 0775045| 1|k F PRIDGEN plP D 146 92 1 2|x 41| 21 5| lo[5]4]|kpd
145 341608N | 0774923 1 NEGHO CHURCI! P T J 87 141X 10 0 Tch
o~ 146 |341616N | 0774907| 1|J ¥ COVIL p{cip 75 21X 14 * 6o G| |1|6]s1Tch Hijh Fe
® 147 |341G13N | 0774857 1 [CHRISTIAN CH rlr|cC 65 50 { 2(x 451 12 7 Tch Toer g 640F.
144 341G4AGN | 0774858 1 |FRANK PARKER o J 165 60 21X 17 Teh- Kpel
149 | 34164GN | 0774842 1 (BAYSHONI: EST Nj U J GR 21X 44 9 Tch
150 |[341639N | 0774830 1 (E K CARTER JR plnlp 1 31 4| Jola])2
151 | 341634N | 07747588} 1M L NONEYCUTT pln G 80 0 | 2] x  [HE B R Teh
1562 |341GAIN | 0774750 1 (M P RAINES Pl H G 90 21X 200 13 * 20 5| [1]|5]3]Teh
154 | 341G37N | 0774747} 1|D P HERBERT pl.n 50 1 | 2 [ x 15 420 Tch
154 {341654N | 07747391 1M MARSHBURN pl njC 150 | 110 | 21X 23 7' Kpd Tem. €6°F., much M,S
155 |341648N | 0774642 1 (W J ROBINSUN L plmc 60 55 | 1 (X 10 2 [7']2[5 (3] Tch Temp. 66°F.
156 |341723N | 0774503 1(C M DAVIS | p 85 X 0 |3{413]Tch
157 |341712N | 0774510] 1{M B BELL Pl H} P 120 2]x 0(8{2[5{ [Tch
158 |341659N | 0774522 1|G A RYALS pln 180 | 126 | 2 | X 201 15 * 50 5] 2]6]4|Kpd
159 |341654N | 0774525| 1|J N MCCARTNEY p| H| P 12 0 | 1 |x olgisl7l {Teh
160 1341G652N | 0774526{ 1]G D FARMER r)| H) C 100 | 127 | 2 }x 20] 15 7' Kpd Terp. 66°F.
161 |341G31N | 0774548 1 |[CAMERON - THASK| P| H| P ug 1T 1] |1fs|3]|M
162 | 341629N | 0774552 1|CAROLINA Powkn | N| n| p 70 21x ol 1{412iTch 2

* Egtimated, !pHl measured in field,




Table 5 ,~-Records of wclls in New Hanover County, N, C.--Continued

. ke -~ Quality
_ Hg 3 3 : 2 'Sr\ ° 5 of wator
. ° S8 & a|l & | 8~ ]n 0 [ w .
o Well location | 8 = k1 I BN LAl Jos 133 £ alg ]
Z a Owner Bnlwl ol o e~ o] ow 0 4 ole L5 Remarks
] Mol gl v a £ 0 o | v | o o~ oy | o R
- 3 [} o +» iy 5-1--! -l o O~ ] By 0 ol
° 4 g#’. elol & §U SIS 81838 28 18098 x| d4la] @2E
> Lat Long (2] 2|0 3 a a A =<3 3‘\/3_ e o -_-1_(1.9_:1_:\'/1_{ =202
' 163 341613N | 0774628 1 |[J N CORBETT Pl U J 65 21X 5 1 Tch Reported brackish
. 164 341613N | 0774624) 1 |P R MASON P| B} P 42 11X 8 9 *20 2 117 [5|{Tch H.S odor
165 341539N | 0774700| 1 [ROBERT JAMES P| H 60 2 |x 23 17 15 7 10]4121Tch TZmp. 67°F.
166 341530N | 0774653 | 1 IGEORGE HULBERT P| H 48 42 2 | X 27 27 Tch
167 341525N | 0774643 1 DR HK THOMPSON P| H| C 165 31X 30 Kpd
168 341515N | 0774653} 1 |L M MERRILL Pl A| P 186 121 41X 6 8 250 21702]|6 Kpd 1.1 ppm uzs
169 341512N | 0774735 1 [DRt WC VONGLAHN Pl H D 83 61 4 ]|x 24 16 10 5 16 |3]|Tch
fg 170 341557N | 0774837 | 1 [OGDEN SCHOOI. cypp D 93 68 6 | X 31 12 250 1 11613 ]Teh
171 341527N | 0774910( 1 |W E COVIL Pl 1 204 6lx 19 2 100 2 1|6 |4 |Tch-Kpd 1S odor
172 341535N | 0774941] 1 |E B TOWLES Pl P 163 81 41X 39 19 Tch~-Kpd 2
173 341537N | 0774944 1 |E B TOWLES Pl P J 157 61 2 lx 14 Tch-Xpd
174 341549N | 0774949 1}J D HENLGAR SR Pl H 162 a5 2|x 46 4 1]|6|4|xpa ?
175 341531N | 0774958] 1 |NC HWY PATROL S| H|.&{D 180 86 6 |X 30 165 547 1116 14| Teh-Kpd
176 341515N | 0775040 1 |[CHARLES WELLS P| H G 153 63 21X 44 17 270 5 0[5 |3 | Teh-Kpd Temp. 67°F.
177 341426N | 0775115] 1 {RICHARD NAPIER Pl H| C 160 130 41X 17 . 7 Kpa Tenp. 63°F.
178 341454N | 0775128 1]COLL VIEW TRLR rl Pl C 62 21X 8 6o 417153 ] Ten Teep. CS°F.
179 341457N | 0775144 1 [JOHN TAYLOR pl Hl P 130 GO 21x 48 7 O V2§t ren-Kpd
180 341457N | 0775144| 2 |JOUN TAYLOR pl Ul P 30 21 1T 38 [ O 1]2 \4)
181 341508N | 0775213 1]CORNING GLASS N{ U DJ 140 8|G 27 7 250 [ GO(5|8 [2]6[3|Kpd Temp. 66°F., W,S odor
182 |341522N | 0775218} 1 {HOME REALITY - N| C}| P 25 21 2T 31 8 3 0{211{T™Q 2
183 341446N | 0775220} -1]B W PARSONS Pl P 25 21 2|T 9 ™
184 341444N | 0775241 1|w K RUODES P| H D 96 53 X 8 10 | 10 Tch-Kpd
185 | 341526N | 0775304 11J D DILL Pl Hi P 80 21X olgf2]4]3| Kpd Temp. 65°F.
186 341551N | 0775311 1[N L BLAKE Pl H| P|D 87 79 41X 17 6 *100 K] 115131 Kpa ?

* Fstimated, 'PH measured in fiold.



Table 5 ,~-Rocords of wolls in Now Hanover County, N, C,--Continucd

oL

o = (] > L] -~ ~“B Quality
£ A BRE 55138 of wator
. ¥ell location | o HHEIFHIEREENRE vo|low g ] al "
2 ] Owner alalSl el 1928 18da] 3872 oW o8 1 g Remarks
© «lo|lgl o ¥ so logqu ]| 6w e o~ U Y clo bt
- ] Q ] © O e 5‘!'1--‘ -4 vo~ A ER N ulo 3:::
- S Bl alet 81 & | 8% |SYS| 2R 1508 28 1890 x|f8lal SSE
2 | lat long 1 a S18lel 3] 8 |4 |8 |8 33|22 228 |a|SRoEe 85 |
187 341525N | 0775315 | 1 ALLENDALE DEV Pl U 29 1 (T 21 11 4
188 341526N [ 0775325 ] 1 |[E C AKERS PN 70 43 2 X 15 Kpd Flous
189 341519N [ 07753281 1 C JOHNSTON Pl R 92 21X 28 15 Kpel
190 341438N | 0775321 ] 1 [LEON SULLIVAN Pl P 129 42 31X 38 16 100! Teh-Kpd
191 341432N | 0775313 | 1 |SANDRE - BASS Pl H 151 57 21X 40 22 Teh-Kpd
102 |341431N | 0775320 1 [BECKERS BLDS Nl cle 150 | 105 |2 |x | 42 +40 a2t e b lkpa Temp. 01°F.
193 341405N | 0775426 | 1 [D L. SNEEDEN rl{ s 130 as 21X 346 10 Teh-Kpd
191 341402N | 0775434 | 1 [JOS FREEDLAND Pl A D 89 72 4 ({X 12 » 100 Teh-Kpd
195 341405N | 07754351 1 |B W NEWKINK P| H [}] 87 40 X 19 EXHT Teh-XKpd
196 341430N { 0775448 1 IBNAJ ISR SYNAG Pj A D HE] 15 X 35 8 100 {141 Teh=-Kpd
197 341411N | 0775512 "1 |RUDOLPH KONIG Pl H )] 75 27 41X ! {0 |3 ] Teh-Kpld
198 341441N | 0775511 | 1 |J FRED MURIAY Pl1 D 97 75 41X 28 25 4 100 N 1|5 3 |Kpd
199 441438N { 0775515} 1 IR 1. DAVIS Pl1 G a0 a4 21X 28 24 Teh-Kpd
200 341517N | 0775544 ] 1 |SOUTHENN BOX NI N{ P} - 85 6 | X 21 20 185 2 |5 Kl
20 341507N | 0775621 1 [BOYLE ICE CO N| C 65 81X [34Y) 2 Kped
202 3411530N | 0775651 ] 1 |[HILTON PARK CO M{ U! P{G 1340 6 | X ] *H0 HY r& D8 IKpt ? Teup, 70°F., Br 31 ppn
201 341512N { 0775653 | 1 HILTON PAVK CO NIV e 80 10 | X 10 G 400 Kpd
204 341437N | 0775636 ( 1 (INDEPENDL T ICE] N UY - 120 75 12 | X KR 6 2 |G Kpd
205 341417N | 0775G16( 1 |{COCA COLA BOTY NIC| P 180 11X 41 19 * KU 2 | BHERELIIR
206 341413N 1 0775G18 ] 1 {WARDS FUNERAL. Nl U J B2 11X 5 Teh-Fpd
207 341407N | 0775644 1 |PEOPLES SAVINGS] N| A BG 6 lX K1 K3 ] oo 12 Kpd Fe bacteria rptd,
208 341407N | 0775G44 ] 2 [PEOPLES SAVINGS| N| A [}] 122 108 816G 4R 41 1IN KEURARBERHELSI]
2090 311407N § 07756441 3 |PEOPLES SAVINGS)| N[ Al C|D 1438 110 8 |G 36 11 a97 11y Kpd
210 3414308 1 0775655) 1 {wWILM COLD STOR N|] C J 04 10 | X 21 26 Kpd

* Estimated, ‘pH measured in ficld.



Table

Y ,~~Rccords of wells in Now Hanover

iWater level
1(feet below

;LSD)

. 1] ~
] o| v 4 o ~
= ol 8| B S| % °3
. Well location | o -] [ :- o -~ d~ |n o O
2 Y Owner gl el < ouls | 13e
(] ]l ol d| © a A0 leonlaw o
- =) L] o » - 5‘” ] -
] e g al=l §1 & | & |53 58
> Lat long | Sl&l 31 & a |a |=]<3
21 341412N | 0775702] 1 |[WACHOVIA BANK Nl U 61X
212 | 341409N | 0775738 1 |USGS F| v| P|G 91 1({T 4
213 341403N | 0775818} 1 |TERMINAL CITY N] C 3]s 4
214 341407N | 0775609} 1 ]ROSE ICE CO N] € 6|X
215 | 341407N { 0775605| 1 (NEW HAN HIGH SC| C| P D 50 ] 6| X
216 341349N ) 0775637 1|5TH AVE BAPT CH} P| T D 58 | 6]X 45
217 341331N | 0775646 | 1 [BRIGADE BOYS CL| P| T J 40 41X 47
218 341330N | 0775522} 1 |{PEPSI COLA BOIT] N| C D 11 8l X 37
219 341324N | 0775521 1 |[WIIITEBROOK FARM| N| C 8|X 38
220 341314N | 0775442 1 |ALBERT PERRY Pl 1 58 31X 35
221 341327N | 07754341 1L B FINDBERG Py 1 41X
222 341306N | 0775356] 1|R A YOPP Pl R 100 41X 40
223 341329N | 0775341 1|(J D PRIDGEN el n 1 21 1{T 28
224 341302N | 0775352 1|D X JOHNSON Pl H G 50 21X 48
225 341243N | 0775331 1w S ARTHURS P 54 21X 42
226 341337N | 0775312] 1|L J MINTZ Pin )] 86 4] x 38
227 341416N | 0775206| 1|¥ D MCKEE Pl J 60 21X 41
228 341337N | 0775239| 1|[WILM COLLEGE Sl A D B0 |10 G
229 341330N | 0775236| 1|WILM COLLEGE S J 41X 12
230 341336N | 0775232 1|WI1LM COLLEGE S D 80 |10 |G
231 341303N | 0775236] 1M J PIERCE p D 80 21X 42
232 {.341255N | 0775231} 1|MRS EARL DIGGS P 31 1|T 40
233 34125YN | 0775252 1|ANDY MASON P G 76 21X *q2
234 (341233N | 0775231] 1|E R WILSON P b 82 4]X 11

* Estimated,

13
30

‘Yield
(gpm)

*G
165

*45

220
150
*80
* 100

*10
*q0
160
340

360
GO

:Drawdown

KB

50

(feet)

County, N, C,--Continued

Quality

of water
el
e Le Remarks
£ O L
ool B 58%
AEoge 285
3 Kpd Test well
5173161 IKpd puger hole 040
Xpd
Tch-Kpd )] rept. 62 ppm {n 1942
Kpd
Kpd
Kpd
811053 Ten-Kpd
Tch-Kpd . €1 62 31, Mard. 210
G5 (015[3]Teh-Kpd
Tch~Kpd
Kpd
1
B 16 ]3] Teh-Kpd
Tch
ol lilelalkpd
Tch-Kpd
28121613 ) Teh-Kpd GOLF,
Tech
Tch~-Kpd
4 0{5|3|Tch-Kpd
1 11|mq
Tch-Kpd
3] |1]5]3]|kpd




Table y ,--Records of wells in New Manover County, N, C,--Continued

°
e . f g . ) e
o ol w 2 | o “ lae Quality
£ AEHHIRERE 85|38 of water
. Well location | o o] Bl ] @ — P oo low B W AR w
2 8 Owner AR R ~ ve |8l 387~ z oigl AS Remarks
] i O 5 o a0 [N "] P |l o~ 5 g clo O o
~ a3 [ » O SHH l oo~ ~ it of 13 oo Prgpt e
° g Bl al=l @1 & | &= S8 58 1238] 24 |89 8 =llalal 2235
= Lat Long | v S[315| 3] & | & |[B|R|29|228 o |&hFEplgls =23 e
235 341236N | 0775216 1 |RUSSELL KEY Pl H )] 147 71 41X *30 15 M o [3]|Kpd
236 341253N | 0775211 1]EVA BERKLEY Pl H 160 78 21X il 16 Tch-Kpd
237 341250N } 0775203} 1|LESTER ROBINSON] P| H 87 79 141X 8 N Tch
238 341251N | 0775158] 1|D W BENNETT Pl G 165 86 21X 42 16 0G0 K] 01412 Kpd
239 341244N | 0775150} 1 {CAPE FEAR HOSP Pt T J 154 6| X 34 2 210141 Tch-Kpd
240 341253N | 0775148| 1B L FOWLER P} H 141G 70 21X KB | 11 Teh-Xpd
21 341259N | 0775139 1 (L A BARNES pln 150 60 21X 430 6 410 ! 010 {3 [ Tehi-Kpi
212 341258N | 0775134] 1|R E HARRELL Pl u Q 3159 64 21X 3$0 h i VO ]SFeh=Epd Oby el
213 I41257N | 0776127 L |E C ORRELL pln J 119 GU 21X 209 Teh-Epd
241 341421N | 07750507 1|J P ELLINGTON pl H| PP 115 (d}] 21X 8 6 171 Teh-Rpd (TR T AN TR I VNTIN E
245 J41248N | 0775029] 1|A B POWLASS pln 160 59 21X 15 15 Teh-Kpd
246 341314N | 0774956( 1|J J DENNING plon 170 10 21X 24 16 ot i Kpd
247 341240N | 0774958 | 1 [BIAD CK MARINA N} C 178 65 R1X 21 17 Lo Teh-Kpd Fopt o yiels
248 341246N | 0774917 ] 1 |WSR DIANE r{ 175 71 41X 17 Teh=-Fpd
249 341318N | 0774906 | 1 [EARL MILLER P Bl C t00 064 21X 15 4] A Toh
250 341316N | 0774902)] 1 |BABIES MOSPITAL] DP| T )] 136 72 6 | X ] R Teh
251 |341313N | 0774859 1{BaBI:s nospiTaL] p| 1| b | 107 | 62 | 6 [x gl oo Toh
252 | 341308N | 0774856 | 1|WATERWAY MOTEL | | Cl-Y | 172 6 (x| 10 Teh-Kpd
253 341248N | 0774813 | 1|wRiGHTSVILLE nE) M} P C 182 140 8 K] 40 Q00 Kpd
251 3412563N | 0774753 ( 1{JOHN ANDERSON Pl U GJ 169 12K 21X K] 15 [HN W HY 215145 Kpa
255 341303N | 0774717 1 [WRIGHTSVILLE BE] M) P} C 179 163 |10 8 140 150 Kpd
256 341208N | 0774730 1 [WRIGHTSVILLE BE{ M} Pl C 176 146 |10 10 . 1H0 Kpd flan yrebdod 3o gy e
257 3412390 | 0774736 1 |WRIGHTSVILLE BE| M| P| C 193 100 8 10 110 Kpd Tented ot A0 yom ojor 10 hrs,
258 341227N | 0774749 1|¥YRIGHTSVILLE BE| M| P{ C 180 (5] K 175 ’ Kpd

* Estimated, 'PH measured in field.
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Table 5 ,-~Records of wells in New Hanover County, N, C,--Continucd
g HONERE T Quality
. v yeatd [ = g 2] « M a t 0o |59 3 ol wator
o cll location | & A Hla as Ik 39 |oe g Qv- "
P34 aq Owner AR S o |b~da]low 0 &) o|e L5 Remarks
- 3 sl 8|2 8 |88 |39 |57 |85 33 (28 s8] EEs :
5 ~— i = oo vlo prage
) g Blalel 8l 8 |57 |3Y5159 (558 o5 |sdelalbls] 233
e Lat long | v 3158 a a amled |22 22 |a-2E0iEs ®=D 3
259 | 341207N | 0774804| 1 [WRIGHTSVILLE BE| M| P} C 180 8 6 175 Kpd
260 | 341148N | 0774813 1 [WRIGHTSVILLE BE| M| pP| C 178 10| 10 175 | 23 Kpad
261 | 341140N | 0774820 1 [WRIGHTSYILLE BE{ M| U| p|cE | 412 b ¢ 5 Kpd Stratigraphic test
262 | 341118N | 0774837 1 {WRIGHTSVILLE BE{ M| p| C 174 | 160 |10 8| u2 150 } 90 Kpd
263 { 341135N | 0775024 1[I, M WALLACE Pl n J 165 2 (X 19| 24 Tch-Kpd
264 | 341216N | 0775046| 1 |U R CARROLL p| nj clac 70 54 | 2|x 25| 12 s5|7'(1|5]3|Tch
265 | 34121GN | 0775046| 2|U R CARROLI, rplulp 29 25 1T 251 14 6| |rfz2ft|Q
™) 266G | 341209N | 0775111 1|8 E ROGENS Pl B 150 80 | 2 {x 18] 12 1| hi{slsiTen-Kpd Tump. 60O,
267 | 341209N | 0775114] 2 |M E ROGERS Pl U 34 30 |1]T 18] 1 \Y
268 | 341139N | 0775114 1|bR W A PUILLIPS] P} S 110 45 | 21X Teh
269 | 341222N { 0775134] 1 |A B HARILLL pln 100 70 | 2] x 16 Tch
270 | 341217N | 0775136| 1|3 O PETTET Pl H 100 72 | 2] x 14 8 Teh
27t | 341215N | 0775144] 1] N RIVENDARK PEn 100 70 | 2] x 23] 10 Tch
272 [ 341201N | 0775146] 1 |W S SLATER Pl H 140 70 | 2| x 11 2 Teh-Kpd
273 | 3412158 | 0775149] 1({A B FOSTER Pl H 100 723 | 21x 21 Teh
274 | 841221N | 0775157] 1|V K PAINTER rl H J 134 2]|x 26 Tch~Kpid
275 | 341202N | 0775151| 1 [ROBERT MEADOWS | P| H 85 63 | 2|x 15 : 7' Tch
276 | 341135N | 0775202| 1 [RAY NOLLAND ptnyp 177 80 | 21x 12 2 117|215 {4]Tch-Kpd Flows 1-6 gpm
277 | 341200N | 0775227| 1[¥ GRANEY P| H J 149 | 130 | 2 | x 27 H Kpd
278 |341202N | 0775309] 1 {JACK ROGERS P| H] P|G 162, 81 | 2]x 14 1| [0]5]|3]Teh-Kpd
279 |341223N | 0775403{ 1 |GILBERT PARRISH] P| N 150 | 110 | 2| X 45| =21 Kpd
2680 | 341227N | 0775408| 1 |¥ ¥ ELMORE Pl N G 150 2{x 481 n Teh-Kpd
281 |341231N ] 0775432| 1{R P BROWN pl H| C 140 | 1007?] 2| x 41 7' Tch-Kpd Ty . C5°F.
282 1341245N | 0775412] 1w F ANDERSON Pl n 140 21x 411 21 Tch-Kpd
‘pH measured in field.

B N E IE N R D BN B oE Es
SRS AP AT i et A0 P
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Table 5 ,--Records of wells in New Hanover County, N, C -~Continued

e
g — .5 O
2 ol 8 3
. Well location o i BRI A
g g ower | E| | d| &
o !l o g| o
~ ) o
] & §1 31 =l &
- Lat Long o o|s|& ,g_
283 | 341238N | 07751452 1IDR S Vv ALLEN P 1| P
284 341234N | 0775502] 1|¥ B BEFRY III Pl I
285 341230N | 0775450 11MR STALLWOUTH Pl H
286 341206N | 0775457 1|C R BRINDELL Pl H
287 | 341238N | 0775547 1 |[GEORGE LAMICA Pl Hj C
288 341220N | 0775533| 1|JOHN W DIXON JR| P{ H{ C
289 341220N | 0775613 ] 1|LEE E MORROW Pl H
240 341207N | 0775630| 1 |SUNSET PK METH pl T b
291 341202N | 0775638} 1|SUNSET CO 3 Nl U P
292 | 341214N | 0775639| 1|SUNSET CO 4 N[ U
293 341210N | 0775654) 1)BILL CANNON Pl U
294 | 341146N | 07757031 1|WILM SHIPYARD Kl C D
295 (341141N | 0775703] 1|WILM SHIPYARD Fl U ﬁ
296 341132N | 0775702 1 |WILM SHIPYARD F| Al P
297 | 341126N | 0775708 | 1|SHELL OIL CO N C| P
298 | 341125N | 0775630] 1|¥ECT TV Nl A
299 | 341127N | 0775609 1|MOFFIT VILLAGE } N| P G
300 |341138N-| 0775606| 1|L W CARROLL Pl. Hy,
301 341120N | 0775553 1(NATL YOUTH ASSN| Pl U D
302 | 341112N | 0775559 1 |HANOVER MILLS N{ N
303 | 341058N | 0775555| 1[H B LUDLUM Pl H G
304 341134N | 0775406] 1|J R KUTRON PLHl P
305 341139N | 0775357 1]H M DANIELS Pl H{ P
306 |341124N | 0775357 1]FRED CONNER Pl H| P

& Estimated,

‘pH measured in field.

|

!Depth (feet)

i
1

-
<

- b
=iy
ooccaxw

26

110
140

20
123

103
76
133
175
57

157
140
160
160
160

:Depth cased

(feet)

16
70

81
36
55

14
79
76
60

60

‘Dianeter
(in)

RN O~

- -
SmOsI X

™

WaNNR®O HO0a00

== > x> Finish

X MO

P€ I X X

Altitude of
LSD (feet)

10
19

23

52
43
*30

56
57
56
10
18
50

level

Water

(feet below
3D)

v

Lt
20)
[ K]
24
6
26

14
24

30
17

19

) =
o4 13
v,
Ry
PR

YD

LB 131}
k20

o0
*320

100°

110

$100

*10
oot

Quality

of water

~ lron

[N~

o
12,

(}]

0l

=3

R
EEE
29 G W

S»,Cond,

ot

bearing

Water-
unit

‘m
Kped
“pad
Teh-Kpd
Teh
Kpd

™
Kpd
Ky
Kpd
N
Kp!

Kl

Kt

Kpd
Teh-Kpd
Teh-Kpd
Tch

Tch-Kpd
Teh-Kpd
Tch-Kpd
Tch-Kpd
Tch-Kpd

Tch-Kpd
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Table 5 ,--Rocords of wells in New Hanover County, N, C.--Continucd

|
|

Quality

3 M ~
2 ala ° 2 v~ 98 jof _water
s Well location 8 IR ARA - o~ |u 0o a9 g 1 [all] W
n = | Owner Pluldlsl S| o8 (e~lal 38100 o) ofgl a8 Remarks
i " s klolglo a ag legu) bo|ue v~ lgo alo o he
! S-ﬂ -l - [N Ty ~“oO jsoln vio Prapt It
: ° 4 g%; 1 & |1 8% |SV15) 58 (828 & i 8lxldalel 23w
, = _| Lat Long ) 51613 & | & |8 12 I8 1288 52 a7 EpIE6] 525
' 307 |341107N | 0775406} 1 |G L KEIFER Pln J 146 21X 30] 14 Teh--Kpd
; 308 |341115N | 0775340] 1 |S FOREST JR Pl H 150 79 { 2Ix 50l 21 317'10 19 13 | Tele-Xpd WS odor
i 309 (341114N 1 0775334] 1 )W H BANNERMAN Pl ujc 80 720 | 2 | x 50| 18 *17 a7’ 5 3 1 Ten 2
: 310 |341113N | 0775331| 1 IMARGARET JONES | P M| P 170 94 | 2 |x 50| 27 *60 Tch-Kpd
311 J34111G6N ) 0775316 1 |J D MCFAYDEN P{ N 170 84 { 21X ] *51 18 Tch-Kpd
312 |[341110N | 0775318 1 |D W NOBLES P{H 154 21x 50 *40 Tch-Kpd
313 |341103N | 0775318 1 lJ N GAITILR Pl u G 170 89 | 21X 50| 20 Tch-Kpd
‘ 3'1 314 ]341045N | 0775142 1 |PARSLEY ESTATE | P{ U 158 11x 281 23 Teh=¥pd
315 |341103N | 0775137 | 1 |[HERMAN WALTON plctop 62 2 1x 15 1 50 5] s |4)Teh
316 |341101N | 0775042 1': R MALOTT plHlc 163 | 126 | 3 [ x ! 2 91 *100 2 "2 15 14 1kpd Fortial fie ob.. w e
217 (341052N | 0775036 1 i1 V REID piunycip 94 9 | 14 |x 12| 10 100 5 (8 o6 (4 [Ten
318 |341042N | 0775043 1 (A D HURST plulnr 14 1T 12] 11 3] e s
.t
319 |341040N | 0775044} 1]A D HURST r|u 66 2 1x 151 13 0]
320 [341030N | 0775054 1 JJAMES FERGER rlrlp 185 2]x| =2 *GO) 2 2|5 I3 {Teh-Kpd 1.8 odor
321 |341000N | 0775105) 1]C 4 MCcAnLIsTEr | ool e 114 B5 | 3 |Xx 10 o] e [ ren-Kpd 2
422 | 340938N | 0775119 1|1 & JULIAN plujn» 150 as | 2 {x 40 N 15 Lt [Teh=-Kpd
423 | 440035N | 0775134) 1B F SUTHERLAND | v} ] »in 124 #G | 6 |Xx 14 2 146 L] Teh Kpd
324 [ 340950N | 0775146 1 IR C FowLER r|n 80 72 | 2 |x 22 Teh
325 34049398 | 0775155| 1|A B JENKINS Pl R 100 720 b 2 tx 15 Teh
326 | 34002CN } 0775152 1 |H H HODGIN rlup 140 105 | 2 |x L] 19 5 )y |5 13 jTeb
327 4400148 | 0775212{ 1|{M EMMART Jn rlujp 140 2 |x 20 of {613 ]|Ter
328 [340054N | 0775235) 1w J HODDER plu 175 2 [ Teh Lpd
329 | 340958N | 0775239 1 |w J HODDER P J 170 4 1x 2 14 Teh-kpd s, well
330 }341018N ) 0775320] 1M R SOMERSEIT pln 160 84 | 21X 11 17 Teh-Kpd
* Datitatoed, ‘pll wr. ared in ficld,
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Table 5 ,--Records of wells in New Hanover County, N, C,--Continucd

-

- e S R el TR - g
o ol » o Quality
= al Wt @ 2 § S~ ? 5 L"' watcer
° ¥ell location | 9 Bl oa ) d~ | ob 153 U SR o
=z a Owner alalF 8l - oL 18 ]s ]| Te |72 i ~ alg - Remarks
1 uloflg|w a Mo |logw ] 8o Juwe o~ 1384 ols bt
- ) o o N pri B g oo~ | oo s 4|8 el
) o g Ol | ¥ 2, [ 48 | Sa |a8a] ok |35 af - sdm
£ | Lat | lome |u (Slot 31 & |48 |8 |&@ |33 08 22 |A|hnelEs) 285 |
331 | 3410128 | 0775320| 1 A L TODD pl ul c 100 21X 7' Tch Temp, CO°F.
332 341025N | 0775520 1 (W J LANGLEY Pl P} P 117 21X 30 Gt 1 01512 Teh-Kpd
333 341037N | 0775528 1 |ONIETA DAVIS Py B| P 120 21X 4 0 (412 Teh-Kpd
334 341034N | 0775539 | 1 |E J BELLAMY Pl H J 108 21X 30 12 Teh-Kpd
335 341036N | 0775607 1 |TENNY ENGINEERS| N[ N{ P|D 120 104 6 | X H 226 2 w2412 Kpd Tenp. 67°F.
336 341037N | 0775611 1 |[TENNY ENGINEERS| N| N )] 122 61X 11 Kpd
337 341030N | 0775619 1 |USGS Fl U G a8 36 1|7 36 £} Obs, tell, auper hole #19
338 341015N | 0775654 | 1 [STACKHOUSE INC N| N} P 135 41X 1 2 (13 [Kpd 11,5 o
339 341006N | 0775519{ 1 {FCHO DAIRY P Cy P 160 70 G {X 150 4 PS8 Kpd 2
340 34093951 | 0775522 1 [ECHO DAIRY [ L I 160 70 41X 10 1o0* 27 {3 K pd Tewp. (350
311 34009398 | 07755331 1 {ECHO DAVRY Pl 1] P] 18 10 | X 3 15 s (24 Kpd Floe,
342 3410909N | 0772620} 1 JALLIED KENNECOT| N| U] P|GJIE| 142 10 {1 G 17 13 Gon 2 Kpd-1Q
343 | 340909N | 0775628 1 |ALLIED KENNECOT| N| N| Clo 151 81s 12 6 6o | 16] 4|3 Kpd Obs. wvell, Tev .. 67°F.
344 340907N | 0775440| 1 |G H COOK PP 132 72 21X 10 1 o 21 {3 [Kpa
345 340905N | 07754061 11J A EDVARDS pluy b 30 1T 22 G latr |4 g\ Temp. €5°F.
346 340005N | 0775406 | 2[J A EDWARDS Pl Il P 62 1T 22 7 {71 {6 1
347 3109058 § 0775406) 3 JUSGS Fi U|.CIGJE] 630 61X 22 Kpd Test well
348 340906N | 0775413 1{W I MILLER Pl u ‘ 35 1T 23 8 ™
319 3400028 | 0775410 1[I A EDWARDS »tup C 165 130 141X 24 14 L' 214 | Kpd
350 BA0842N | 077542G] 1 [HUGH NOFISINGER] »] 0| P 37 33 21T | =20 H H ] 011 {0 [1Q Hich 1%
361 BI0829N | 0775344) 1|MR PRESLEY ILI I n 161 71 11X 20 i 250 Teh-Kpd 2
G452 - | S108U2N | 0775351 1N W DINKINS Pl n G 130 J12 21X KIf] 21 LI }) 4 A2 Kpd
353 SANKRUZN | 07753510 2(N W DINKINS Pl u M 1|7 KIY 11 ple
. 354 340811N 1 07753341 11r & HARRIS pl nlp 140 u2 21X 37 16 * 00 1 01412 Tch-Kpd

* Estinntced, '‘pH measuwred in ficld,
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Tablo 6 .~-Records of wells in Now Hanover County, N, C,--Continued

) ol » 2| v “ |eap Quality
el 8l % s | & °s 122 of water |
o| well location | ® 1 B] =) o | d~ |n oo |0 g ol v
= g Ownor gl vl 3l 4 bl - P P - A ] £ »lo - Remarks
- ) kloj gl v g | g0 |oglu|oc |we v~ |voe clol 57.
~ o © 0 a |l s |82 2a |2%a] <& [5958 BPl cdw
2 o vl © o o ||~ o > o B8RSl 2%
E ]l Lat long v g MR o a a @33 123 =& |AaRol8e =e5
355 |[340803N | 0775337 1 [GEO W JAMES Pl n 155 | 107 | 2.]x 42| 20 Tch-Kpd
356 | 340807N | 0775246 1 |OTTIE SULLIVAN | p| 1| P 200* 4]x 28| 16 116 |3 | Tch-xpd
357 |340815N | 0775243 1 |FERGER Nunskny | pl c P 57 2lT 28| n 6 lel1]1g
358 | 340825N | 0775236 1 |M S EMMART plH 50 1T 20| 17 ‘ 1Q
359 |340803N | 0775234] 1|5 G SUTHERLAND | P| U 18 16 |1]T 26 6 o) Mgh Fe rept.
360 |340800N | 0775234 | 1 {USGS Flvu GJ| 161} 159 | 2 |T 26| 15 Kpd Obs. well, auger hole 2%
361 |340756N | 0775203} 1 |M K LOUGHLIN p| c] rlp 185 | 119 [ 4 |x 5 6 so ] 7 b (6 ]5]Teh-kpd
362 |340755N | 0775200 1 (JOUN MINEBUCKLE| p| | C 135 | 115 | 21X 10 4 5|1] |7 Tch .
36 | R40739N | 0775210| 1]T E nuss rlu 150 75 | 1 {x 5] 13 Tch )
a6t | 1407458 | 0775248 1C X JOHNSON ] 85 2|x 23| 14 N
2G5 | 340733N | 0775212 1 [JULIAN Gnissom | p| u| r|p 125 | 120 | 4 {x 5 so' 2] P|5]s]Teh Flows
366G | 3407270 | 0775246) 1|W T BRYAN Plule 148 | 116 | 2 |x 18 Tch
367 |a40710N | 0775243 1 [ROBERT B LONG plnfrp 137 1|x 15 2] plsj2|Tch
368 | 340732N | 0775423} 1 |USGS Flulrp 65| 63 |1 [T 38| 15 208’ |a[211Q
369 {340720N | 0775352) 1 MR ROLLER rin 121 85 | 21X 10| 26 Tch NS ader
370 | #10716N | 0775354 1[A E ROLLFR P|H 10 | 123 | 2 |x 34 , Kpd 2
371 |340714N { 0775356| 1|R H DINGLER JR | 1] N} C 119 | 104 | 2 x q0] 15 i Teh
372 | 340G38N | 0775258 1 [HAMP BOWEN rl 1| ¢lc 147 | 128 | 2 [ x 2n| 18 7' Teh-Kpd 2 fyey.. 60°F.
373 | 340636N | 0775300 1 IPAUL GRIFKIN pi 1} rjp 135 | 122 | 4 ]Xx 28| 18 100 5| bis{2|Teh
374 | 310622N | 0775312] 1[C L BOWDEN rlufp 112 | 100 | 2 |x 22 9 1[8'0|5|2|Tch
975 | 140022N | 0775312) 2|C L DOWDEN plulp 17 1T 22 7 7leklifr|m
376 [3ouG2aN | 0775357 1|3 1 ENGLYsH rlclr 23 20 1}7 10 1 10 5| bhlojm LS odor
3477 | 4<0614N [ 0775403 1[K L XYE rlu J 132 2 |x 35| 14 Tch-Kpd 2
378 | 34ve11N | o7v5403] 11w H Brackienck | rl ¢ p 25 1r 31 1| plejoje
1]
p

H measured in field.
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Table $ .--Records of wolls in New Hanover County, N, C,--Continued
- e —— p— o e
° 51 ™ - - - Quality
= al4glw o e o5 |20 L of water
o | Well location | & M EIR “ | 9~ |1 vo |0 g ol - to
2 8 Owner wlwl9l @] Y| %0 |34<] 38|79 37 a9l @ Remarks
- g 3 [} s o 3 .38 o u TRV IR B 'S v vy | ] O O
o] - Q O~ ~ B2z 0t vl|o o
S | Lat Lon g g ele| ®| B85 (345! Balidn E(5d9p B s=3E
= il L Sl21&1d) & )& 18 |2) <RI S2AVNEGAS =25
379 |340530N | 0775346 1 |LEE DAVIS pl 4 P 133 | 105 | 4]x 261 151 *200 ol [1]4]2] Tch
380 | 340528N | 077534G| 1 |[LEE DAVIS rplu 17 1T 24 6 2] J2{3]|3}1Q
381 | 340530N | 0775325] 1|H H HARWARD p| 1] c|p 75 52 | 1]x 26| 14 100 9 )
382 | 340527N | 0775327] 1{C K STALLINGS Pl H )] 70 58 | 41X 22 ™ \
383 | 340447N | 0775347 1 |ALFRED MITCHILL| P| H| C 132 91 [ 2(x 22{ 12 20 ojv'l1]4]2] Ten
384 | 340420N | 0775325]| 1 ]A N GOODSON pln 140 | 113 | 2| X 11| 15 Tch
385 | 340421N | 0775340| 1 (¥ L BURNETT Sk | | H| P a0 21x 15 a0t 6l lojal2] Tch
386 |24041G6N | 0775342 1]G T FOWLER rlu 29 26 | 1T 15 6 ) High Fe reopt.
387 | 3403428 | 0775332} 1 |[RICHARD DAILY r|c 55 1 6 2 Y
388 | 440240N | 0775330| 1 |[RICHARD DAILY r| c] c|c 150 [ 119 | 2{x 6 2 *20) ol7'lt]s(slaeh
389 |{340340N | 0775359{ 1 |A FREEMAN rlu J 104 21X 22| 14 Teh
390 | 24033GN | 0775454 1 {USGS r| u| cle 49 7 11T 16 d 2170en M Obs. e, ever hods o0
391 | 340313N { 0775404 1 {MCMEEKIN CONST | N} U “105 ] 104 ) 2) X 19 ] *40 "
392 | 340417N | 0775347 1 |OCEAN REALTY N[N J 83 vl x ] 4 qQ
39 ]:440218N | 0775355} 1|V MARTIN rPlu J 143 21 x 16| 21 Teh
394 | 240213N | 0775419} 1{R E WEEKS plu J 167 ) 150 | 21X 26) 48 Teh
395 | 340210N | 0775350 1 |CAROLINA nrach | M| p| E{™ | 201 96 | 8| X Teh
496G {340159N8 1 0775351 ) 1 [CAROLINA DEACH | M| | C 195 ] 120 | 81X Teh
397 | 340158N | 0775437 1 [CAROLINA BEACH | n] p| C 161 8(x 27 160 | Teh
398 [340151N | 0775411 { 1 J[CAROLINA BEACH | M| p] C 189 10 x 23 150 | 50 Teh
399 |340147N | 07754357 | 1 [CAROLINA DEACH | M| Pl C 195{ 125 | 8| X 100 Teh
400 |340143N | 0775343 1 |[CAROLINA DBEACH | M| pP| C 180 ] 125 | 8] X Teh
401  [540136N | 0775344 1 IGRAIAM BARWARD | Pl B J J 140 1]x 8] 1I¢ . l Teh
402 1340109N 1 07754121 1 IWILMINGTON BCH | NV pl P 147 90 1101 X sU 2l lzt7val reh

* Estimatced, . 'pH measured in fleld.
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Table 5 ,~~Records of wells in New Hanover County, N, C,--Continucd

) oln M
= alk |4 3 3 :;:3
o | ¥ell location | 8 2EIRl 2] 2183 1y s%
= q Owner vl || o o o~ a| 3w
o Hio 5 o a 80 |odg ) o
-t ) o u XY 51ﬁ o
) 4 E sl & | 5~ |34 58] L3
x Lat long | w 5 |& 8 alé& a &l <a
403 340145N | 0775414| 1|WILMINGTON BCH N| P| P 153 90 |10] X
404 340123N| 0775418] 1) INTERNATL NICKE] N| U J 126 1{X 18
405 340110N | 0775421| 1]KURE BEACH M} Pl C 202 115 8| X 17
406 340122N | 0775501{ 1|ETHYL DOW N| Ui C|J 158 6| X 18
407 335941N| 0775435| 1|KURE BEACH Mt P C|GJ 180 120 8] X 17
408 335933N| 0775433| 1|JAMES TEETER Pl U 15 11T 14
409 335913N| 0775506] 1|701ST_RADAR SQ F| A] C|D 150 109 41 X
410 335850N | 0775503] 1]701ST RADAR SQ Fi A] C|D 201 112 J10} X 21
411 335849N | 0775506| 1]|701ST RADAR SQ F| P|] C 172 150 |10 X
412 335735N | 0775628] 1{FT FISHER FERRY|] S| P|] C|D 170 | 6l X 10

Water level
'(feet below

‘LSD)

NN
(=N

-

21
12

* Estimated,

‘pH measured in field.

Explanation of Quality of Water Code
Runge (mg/1) Code Namber

Constituent Range (mg/1) Code Number Constituent
Iron 0.00-0.05 (/] Chloride
Do 0.06-0.1 1 Do .
Lo 0.11-0.30 2 Do " -
bo 0.31-0.50 b ) Do

ho 0.51-1.0 4 bo

Do 1.1 -3.0 5 Do

bo 3.1 -5.0 6 Do

bo 5.1 -1 7 Hardness
Tos 11 -15 8 Do

Do Mose than 15 9 Do

plt 4.0 +4.9 4 Do

Do 5.0 -5.9 5 Do

Do . 6.0 -6.9 6 Do

Do 7.0 -7.0 7 Do

ho 8.0 -8.9 8 Do
Chloride 0 -10 0

Do 11 25 1

101-250
251-500
501-1000
1001-2000
2001-5000
5001-20,000
0-10 °
11-20
21 S0
510
101-1%50
151- 200
201-300
301-500

NSV ODNOWIWN

|
i
i
|
L

Ra—

0 |

Drawdown
_(feet)

30

Cﬂnruwlurléllé

Sp. Coud,

Do
bo
Do
Dus
[
Tus
ho
bo

PR L L SSETRERE 1 4y
Quality
of wate
w
¥
od s Remarks
' {; 63 X
O d
AP [ ]
wlalolmlel #9227 1 -
Tch
Tch Salty water rept.
31 1217]|4| Tch
H Tch Obs. well
2163} Ten Temp, €1°F.
1M .
Tch
| 31614} Teh
Tch
. Tch, _—

Réngc (ticromhos)

0-50
5)-150
151-300
301-500
501-1000
1001-2000
2001-5000

5001-10,000

10,001- 20,000

e
Code Nutler
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Foreword
The Regional Aquifer System Analysis Program

The Regional Aquifer-System Analysis (RASA) program was started in 1978
after a congressional mandate to develop quantitative appraisals of the
major ground-water systems of the United States. The RASA program
represents a systematic effort to study a number of the Nation’s most
important aquifer systems which, in aggregate, underlie much of the country
and which represent important components of the Nation’s total water supply.
In general, the boundaries of these studies are identified by the hydrologic
extent of each system, and accordingly transcend the political subdivisions
to which investigations have often arbitrarily been limited in the past.

The broad objective for each study is to assemble geologic, hydrologic, and
geochemical information, to analyze and develop an understanding of the
system, and to develop predictive capabilities that will contribute to the
effective management of the system. The use of computer simulation is an
important element of the RASA studies, both to develop an understanding of

the natural, undisturbed hydrologic system, and of any changes brought about

by human activities, as well as to provide a means of predicting the

regional effects of future pumping or other stresses.

The final interpretive results of the RASA'progpam are presented in a
series of U.S. Geological Survey Professional Paperévthat describe the
geology, hydrology, and geochemistry of each regional aquifer system. Each
study within the RASA Program is assigned a single Professional Paper
number, and where the volume of interpretive material warrants, separate
topical chapters that consider the principal elements of the investigation
may be published. The series of RASA interpretive reports begins with
Professional Paper 1400 and thereafter will continue in numerical sequence

as the interpretive products of subsequent studies become available.

Dallas L. Peck

Director

iii



CONVERSION FACTORS

The following factors may be used to convert the inch-pound units
published in this report to the International System of Units (SI).

Multiply inch-pound unit By To obtain SI unit
Length
inch (in.) 25.4 millimeter (mm)
foot (ft) .3048 meter (m)
mile (mi) 1.609 kilometer (km)
foot per mile (ft/mi) .1894  meter per kilometer (m/km)
Area
square foot (ft?) .0929  square meter (m?)
square mile (mi?) 2.590 square kilometer (km?)
acre 4,047 square meter (m?)
Volume
cubic yard (yd3?) .7646  cubic meter (m3)
acre-foot 1,233 cubic meter (m3)
Flow
cubic foot per second (fﬁ3/s) .02832 cubic meter per second (m3/s)
cubic foot per second .01093 cubic meter per second
per square mile per square kilometer
[(fe3/s)/mi?] [(m3/s)/km?]
gallon per day (gal/d) 3.785 liter per day (L/d)
million gallons per day .04381 cubic meter per second (m3/s)
(Mgal/d)
Velocity
foot per second (ft/s) .3048 meter per second (m/s)
mile per hour (mi/hr) 1.609 kilometer per hour (km/hr)
Mass
pound (1b avoirdupois) .4536 kilogram (kg)
ton (short, 2,000 lbs) .9072 tonne (t)

Sea level:

In this report "sea level" refers to the National Geodetic

Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a

general adjustment of the first-order level nets of both the United States
and Canada, formerly called, Sea Level Datum of 1929.

iv
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STMULATION OF GROUND-WATER FLOW IN THE COASTAL PLAIN

ﬁ AQUIFER SYSTEM OF NORTH CAROLINA

|
By G.L. Giese, J.L. Eimers, and R.W. Coble

|
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1 ABSTRACT

A three-dimensional finite-difference digital model was used to
simulate ground-waéer flow in the 25,000 square-mile aquifer system of the
North Carolina Coastal Plain. The model was developed from a hydrogeologic
framework that is éased on an alternating sequence of 10 aquifers and 9
confining units, wﬁich comprise a seaward-thickening wedge of sediments that
form the Coastal P#ain aquifer system in the State of North Carolina.

The model wasicalibrated by comparing observed and simulated water
levels. The modelicalibration was achieved by adjusting model parameters,
primarily transmissivity of aquifers and leakance of confining units, until
differences betwee& observed and simulated water levels were within
acceptable limits,}generally within 15 feet. The maximum transmissivity of
an individual aquifer in the calibrated model is 200,000 feet squared per
day in a part of tﬁe Castle Hayne aquifer, which is composed predominately
of limestone. The maximum simulated vertical hydraulic conductivity in a

confining unit wa532.5 feet per day in a part of the confining unit

overlying the uppei Cape Fear aquifer. The minimum value was 4.1 x 10'6

feet per day in paft of the confining unit overlying the lower Cape Fear

aquifer. Analysis|indicated the model is highly sensitive to changes in
[

transmissivity and;leakance near pumping centers; away from pumping centers,
the model is only $lightly sensitive to changes in transmissivity but is
moderately sensiti&e to changes in leakance.

!

Recharge from?precipitation to the surficial aquifer ranges from about

12 inches per yeariin areas having clay at the surface to about 20 inches
pPer year in areas Eaving sand at the surface. Most of this recharge moves
laterally to strea&s, with only about 1 inch per year moving downward to the
confined parts of the aquifer system. Under predevelopment conditions, the
confined aquifers Qere generally recharged in updip interstream areas and
discharged through}streambeds and in downdip coastward areas. Hydrologic
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analysis of t%e flow system using the calibrated model indicated that,
because of ground-water withdrawals, areas of ground-water recharge have
expanded and éncroached upon some major stream valleys and into coastal
areas. Simul%tions of pumping conditions indicate that by 1980 large parts

of the former!coastal discharge areas had become areas of potential or
!
actual recharge.

Ground-wéter level declines, which are the result of water taken from
storage, are éxtensive in some areas and minimal in others. Hydraulic head
declines of ere than 135 feet have occurred in the northern Coastal Plain
since 1940 prfmarily due to withdrawals in the Franklin area in Virginia.
Declines of grgund-water levels greater than